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DESCRIPTION 

METHODS OF PREPARING NUCLEIC ACIDS FOR 
MASS SPECTROMETKIC ANALYSIS 



ACKNOWLEDGMENTS 

This invention whs supported in pare by a financial Assistance Award from the United 
States Department of Commerce, Advanced Technology Program. Cooperative Agreement 
470NANB5H1029. The U.S. Government may have rights in this invention. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. Application Ssrial No. 60/032,369 filed 
DixumtaiT 1 and U.S. Application Serial No. 08/759^93 filed December 2, 1996 which is 
a continuation-in-part of U.S. Application Serial No. 08.715.582 filed September 19, 1996. 

INTRODUCTION 

Approximately 4,000 human disorders are attributed lo genetic causes. Hundreds of 
genes responsible for various disorders have been mapped, and sequence information is being 
accumulated rapidly, A principal goal of the Human Genome Project is lo find all genes 
associated with each disorder. The definitive diagnostic test for any .specifiL- genetic disease for 
predisposition to disease) will be ihe identification of polymorphic variations in the DNA 
sequence of affected cells that result in alterations of gene function. Furthermore, response u> 
specific medications may depend on the presence of polymorphisms;. Developing DNA (or 
RNA) screening as a practical tool for medical diagnostics requires a method that is inexpensive, 
accurate, expeditious, and robust. 

Genetic polymorphisms and mutations can manifest thi:msc:lvt;s in several fotms. such as 
point polymorphisms or poinl nmcations where a single base is changed to one of the three other 
bases* deletion* where one or more bases are removed from a nucleic acid sequence and the 
bases flanking the deleted sequence are directly linked to each <uher, insertions where new bases 
are inserted at a particular poim in a nucJeic acid sequence adding additional length to the overall 
sequence, und expansions and reductions of repeating sequence motifs. Large insertions and 
deletions, often the resuit of chromosomal recombination and rearrangement events, can lead to 



WOSW12355 



PCT/l)S97/mOI 



partial or complete loss of a gene. Of these forms of polymorphism, in general the most difficult 
type of change to screen for and detect is (he point polymorphism because it represents the 
smallest degree nf molecular change. 

Although a number of genetic defects can be finked to « specific single point mutation 
within a gene, e.g. sickle cell anemia, many are caused by a wide spectrum of different mutations 
throughout the- gene. A typical gene that might be screened could be anywhere from 1.000 to 
100.000 bases in length, though smaller and larger genes do exist. Of that amount of ON A, only 
a fraction of (he base pairs actually encode the protein, Ihese discontinuous protein coding 
regions arc called exons and the remainder of ilus gene is referred ui as introns. Of these two 
types of regions, exons often contain the most important sequences to be screened. Several 
complex procedures have been developed for scanning genes in order to detect polymorphisms. 
"Ihesc procedures are applicable to both exons and introns. 

In terms of current use. most of the methods to scan or screen genes employ slab or 
capillary gel electrophoresis for the separation and detection step in the assays. Gel 
electrophoresis of nucleic acids primarily provides relative S12e information based on mobility 
through the gel matrix. If calibration staiuiards are employed, gel elccaophoresis can be used to 
measure absolute and relative molecular weights of large biomoJecults with some moderate 
degree of accuracy: even then typically the accuracy is only 5% to 10%. Also the molecular 
weight resolution is limited. In cases where two DNA fragment with the identical number of 
base pairs can be separated using h,gh concentration polyacrylamidc gels, it is still not possible 
to identify which band on a gel correspond to which DMA fragment without performing 
secondary labeling experiments. Thus, gel electrophoresis techniques only determine size 
and cannot provide any information about changes in base composition or sequence without 
performing more complex sequencing reactions. Get-based techniques, for the most part, are 
dependent on labeling or staining methods to visualize and discriminate between different 
nucleic acid fragments. 

All of the methods in use today capable of screening broadly for genetic polymorphisms 
suffer from technical complication and are labor and time intensive. Single strand 
conformational polymorphism (SSCP) (Orita el ai, 1989). denaturing gradient gel 
electrophoresis (DGGU) (Abrams rt «!., 1990), chemical cleavage at mismatch fCCM) (Saleeba 
and Cotton, 1993), enzymatic mismatch cleavage (EMC) (Youil w «/., (995), and "cleavase" 
fragment length polymorphism (CFLP) procedures are currently fiel-based, making them 
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cumbersome to automate and perform efficiently. There is a need for new methods that can 
provide cost effective and xpeditious means for screening genetic material in an effort to reduce 
medical expenses. 

The ktc 1980's saw the rise of twn new mass spectrometry techniques for successfully 
measuring the masses of intact very large biomolecules, namely, matrix-assisted Im 
desorption/ioni/ation (MALDI) time-of-flight mass spectrometry (TOP MS) (Tanaka etal., 
1988; Spenglcr etal., 1089) and eleeirospxay ionization (ESI) combined with a variety of mass 
analyzers (Fenn m «/., J ?$9). Both ot these methods are suitable for genetic screening tests. The 
MALDI mass spectrometry technique can also be used with methods other than time-of-flight, 
for example, magnetic sector, Fourier-transform ion cyclotron resonance, quadrupolc. and 
quadrupolc trap. One of the advances in MALDI analysis nf polynucleotides was the discovery 
«f >-hydroxypicolinic acid C>-HPA*) as a matrix for mixed-base oligonucleotides <Wu. maL 
1993). 

MALDI-TOF MS involves laser pulses focused on » small sample plate comprising 
analytc molecules (i.e. nucleic acids) embedded in either a solid or liquid matrix which is 
typically a small, highly absorbing material. The laser pulses lmnsler energy to the matrix 
causing a microscopic ablation and concomitant ionization of the analyte molecules, producing a 
gaseous plume of intact, charged nucleic acids in singJc-siranded form. If double-stranded 
nucleic acids are analyzed, the MALDI -TOP MS typically results in mostly denatured single- 
strand detection. The ions generated by die laser pulses arc accelerated to a fixed kinetic energy 
by a strong electric field and then pass through an electric field-free region in vacuum, traveling 
with a velocity corresponding to their respective mass-io-r-harge ratios (m/z). Thus, the smaller 
m/z ions will travel through the vacuum region faster than the larger m/z ions thereby causing a 
separation. At the end of the electric field-free region, the ions collide with a detector that 
generates a signal as each set of ions of a particular mass-to- charge ratio strikes (he detector. 
Usually for a given assay, 10 m !(K) mass spectra resulting from individual laser pulses are 
summed together to make a single composite mass spectrum with an improved signal-to-nois:; 
ratio. 

Tl« mass of an ion (such as a charged nucleic acid) is measured by using its velocity lo 
determine the mass-to-chargc ratio by uWof-ftight analysis. In other words, the mass of the 
molecule directly correlates with the time it takes to travel from the sample plate to the detector. 
The entire process takes only microseconds. In an automated apparatus, tens to hundreds of 
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samples can be analyzed per minute. In addilion to speed, MALDl-TOF MS has one of the 
largest mass ranges for mass speetrometric devices. The current mass range for MALDl-TOF 
MR is from I ro 1.000,000 Daltons (Da) {measured recently for a protein) (Nelson el aL 1995). 

The performance of a mass spectrometer is measured by its sensitivity, mass resolution 
and mass accuracy- Sensitivity is measured by the amount of material needed; it is generally 
desirable and possible with mass spectrometry to work with sample amounts in the femtomole 
and tow picomolc range. Mass resolution, m'Am, is the measure of an instrument's ability to 
produce separate signals from ions of similar mass. Mass resolution is defined as [he mass, m, of 
an ion signal divided by the full width of the signal Am. usually measured between points of 
half-maximum intensity. Mass accuracy is the measure of error in designating a mass to an ion 
siynai. The mass accuracy is defined as the raiio of the mass assignment error divided by the 
mass of the ion and can be represented as a percentage. 

To be able to detect any point polymorphism directly by MALDf-TOF mass 
spectrometry, one would need to resolve and accurately measure the masses of nucleic acids in 
which a single base change has occurred (in comparison to the wild type nucleic acid). A singie 
base change can be a mass difference of as tittle as 9 Da. This value represents the difference 
between the two bases with the closest mass values, A and T (A - r-denxyndenosine-S'- 
phosphatc - 313.19 Da- T= Z'-deoxythymidinco'- phosphate - 304.20 Da; O "2'- 
deoxygiianosine-S'-phosphatc ~ 329.2 1 Da; and C - ^ -deoxycytidine-S -phosphalc - 289.19 Da), 
If during the mutation process, a single A changes to T or a single T to A, the mutant nucleic 
acid containing the base iransversion will either decrease or increase by 9 Da in total mass as 
compared to the wild type nucleic acid. For mass spectrometry co directly detect these 
transversions. it must therefore be able to detect a minimum mass change. Am. of approximately 
9 On. 

For example, in order to fully resolve {which may nat necessary) a pnmt-mutated 
{A to T or T to A) heterozygote 50-basc single-stranded DNA fragment having a mass > m. of 
- i 5,000 Da from its corresponding wild typy nucleic acid, the required mass resolution is m/Am 
= 15.000/9 « 1,700- However, the mass accuracy needs to be significantly belter than 9 Da to 
increase eualicy assurance and to prevent ambiguities where the measured mass value is near .he 
haif- way point between the two theoretical masses. For an anatyte of 15,000 Da, in practice the 
mass accuracy needs to be Am - ±3 Da - f> Da, In this case, the absolute mass accuracy required 
is (6/1 5.000)*100 - 0.04%. Often a distinguishing level of mass accuracy relative to another 
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known peak in the spectrum is sufficient to resolve ambiguities. For example, if there is a known 
mass peak 1000 Da from the mass peak in question, the relative position of the unknown to the 
known peak may be known with greater accuracy than that provided by an absolute, previous 
calibration of ihc mass spectrometer. 

In order for mass spectrometry to be a useful tool for screening for polymorphisms in 
nucleic acids, several basic requirements should be met. First, any nucleic acids to be analyzed 
should be purified to minimi/-*: the presence of salt ions and other molecular contaminants. 
These impurities may reduce the intensity and quality of the mass spectrometric signal to a point 
where either (i) the signal is undetectable or unreliable, or (ii) the mass accuracy and/or 
resolution is below the value necessary lo detect the type of polymorphism expected. Second, 
tlie si/.e of the nucleic acids to be analyzed should be within the range where there is sufficient 
mass resolution and accuracy. Mass accuracy and resolution significantly degrade as the mass of 
the aualyie incenses. Currently, the detection of single nucleotide polymorphism? (SNPs) above 
said mass vuii* is difficult above a mass of approximately 30,000 ))a lor oligonucleotides (~ 100 
bases). Third, because all molecules within a sample are visualized durim? mass spcctromclric 
analysis (i.e. it is not possible to selectively label and visualize certain molecules and not others 
as one can with yel electrophoresis methods;, nucleic acid samples should be partitioned prior to 
analysis to remove unwanted nucleic acid products from the spectrum. Fourth, the mass 
spectrometry methods for generalized nucieic acid screening must be efficient and cost effective 
in order to screen a large number of nucleic acid bases in as few steps as possible. 

The methods for defecting nucleic acid polymorphisms known in ihc art do not satisfy 
these four requiremems. For example, current methods for mass spectrometric analysis of DNA 
fragments have focused on double-stranded DMA fragments which result in complicated mass 
spectra, making it difficult lo resolve mass differences between two complementary strands (see, 
Tiutg era!., 1994). Thus, there is a need for 005,1 and time effective methods of detecting 
genetic polymorphisms using mass spectrometry, preferably MALDI or ESI, and with mass 
accuracy of a few parts in 10.000 or better. 

SUMMARY OF THE INVENTION 
This invention provides novel methods and kits for the screening of target nucleic acids 
and the identification of changes in base composition that might result from a genetic 
polymorphism. The present invention discloses novel processes focusing on the use of mass 
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spectrometry as a emetic analysis tool and employing the unique properties of mass 
spectrometry and MALD1-TOP MS. in particular, to separate different amplified single-stranded 
target nucleic acids and identify their mass exactly. Significantly, mass spectrometry requires 
only minute samples, provides extremely detailed information about the molecules being 
analyzed including high mass ac curacy » and is easily automated. 

The present invention encompasses several embodiments, such as (1) procedures for 
reducing the length of target nudeic acid* by removing one or more flanking polynucleotide 
regions thac "flank/ or aic adjacent to or near, the regions of interest: (2) procedures for isolating 
either single-stranded or douhle-stranded target nucleic acids for mass spectrometry analysis; (3) 
procedures combining these two aspects; and (4) kits for the methods described herein. 

The present invention encompasses several embodiments, such as (1) procedures for 
preparing a dnubJe-ssranded target nueicie acid for mass spectrometry analyst*; (2) procedures 
for determining the mass of target nucleic acids, where the target nucleic acid may be either 
single-Stranded or double-stranded; and (1) kits tor preparing a double-stranded target nucleic 
acid for mass specuornetric analysis. Jl will be understood by those of skill in die an ihnx where 
the nucleic acid is double-stranded, the two strands are complementary ro each other and are 
connected via hydrogen bonds alonjj the strands. 

An emhiidirnent of the present invention encompasses a method of determining the mass 
of a target nucleic acid by mass spcclrometric analysis. This; method generally includes: 
identifying a target nucleic acid; reducing the lengl;i of the target nucleic acid by cleaving at least 
a portion of one nr more of the flanking regions to produce a reduced-length target nucleic acid; 
obtaining a single-stranded reduced- length target nucleic acid; and determining the mass of the 
single-stranded reduced-length target nucleic acid using a mass spectrometer. Typically, the 
target nucleic acid will contain a region of interest and one or more flanking regions. 

A preferred embodiment encompasses amplifying die target nucleic acid prior to reducing 
the length of the target nucleic acid to produce an amplified target nucicic acid. The amplified 
target nucleic acid may be subsequently reduced in length and obtained in single-stranded form, 
free of its complement, for mass spectral analysis. The target nucicic acid may be amplified by 
any method known by one of skill in the art. for example, polymerase chain reaction ("PCR™", 
with PCR™ being a preferred amplification method. These methods arc well known by those of 
skill in the art. 
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It is contemplated tliat one of skill in the art may use die methods of this invention to 
analyze more than one target nucleic acid simultaneously. As used herein "a" will be 
understood m mean one or more. Thus, "a target nucleic acid" may refer, for example, to one, 
two, three, four, five or more target nucleic acids. Aspects of this invention, therefore, include 
determining the mass of one single-stranded reduced-length target nucleic acid as well as 
determining the masses of multiple single-stranded reduced-length target nucleic acids 
simultaneously or in seriatim. Where the masses of multiple single-stranded rednccd-lcngth 
target nucleic acids are being determined, each of the target nucleic acids may be reduced in 
length by the same or a different method. Similarly, the single-stranded reduced-length target 
nucleic acids may be obtained from the reduced-length targei nucleic acids by the same or 
different methods. For example, if two targei nucleic acids are identified, or selected, for 
analysis, then these two target nucleic acids may both be reduced in length by an enconuclcasc. 
or one may be reduced in length by an endonucleasc and the orher by cleaving at a chemically 
clcavable site, and so on. 

The target nucleic acids encompassed by this mvention will generally contain a region of 
intent and one or more flanking regions A "region of interest" refers to the region for which 
one is interested in determining the mass, hoc example, when the methods disclosed in this 
invention arc employed to detect or screen for polymorphisms, the region of interest wnutd be 
the region containing, or that is suspend of containing, a polymorphism. 1 he Hanking regions 
are the portions of DNA sequence on cither side of the region ot interest. 

For embodiments employing 1>CR™ primers and polymerases to amplify a target nucleic 
acid, the primer is often complementary to a portion of one or more flanking regions of the target 
nucleic acid to allow the primer to effectively anneal to the target nucleic acid and provide a site 
to extend a complement to the target nucleic acid via PCR™. Therefore, for the methods 
comprising amplification, ii is preferred that at least one of the primers is complementary to a 
portion of a flanking region that is preferably adjacent to or close to the polynucleotide region of 
interest, generally within 40 nucleotides. 

When die methods of this invention are used io detect a polymorphism, the target nucleic 
acids employed in this invention may include any polynucleotide sequence that contains or is 
suspected of containing a polymorphism, including but not limited to short tandem repeats 
<STRs). simple sequence length polymorphisms (SSLP). single nucleotide polymorphisms 
(SNPs). and any of a multitude of disease markers, for example, markers for sickle cell anemia. 
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fragile X disorder, cystic fibrosis, Tay Sachs disease, Gaucher disease, thalassemias, and cancer- 
relcued genes. While the taTget nucleic acid* for use in conjunction with the present invention 
may be double- or singie-stranded, it is preferable that the nucleic acids be obtained in single- 
stranded form, free of its complementary strand prior lo MS analysis. These single-stranded 
target nucleic acids may be any si/c that can be adequately resolved by mass spectrometry 
analysis. Preferably, in cases where a SNP is m be detected, the final product single-stranded 
amplified target nucleic acids are less than about 100 bases in length. More preferably, the final 
product single-stranded amplified target nucEeic acids are from about 10 to 90 bases in length. 
As used in this context, "about" means anywhere from ± 1 to 1 0 base pairs, and all the integers in 
between, for example, ±1 , +2, +3, ±4, ±5, ±6, ±7, ±9, or ±10 base pairs. 

However, one of ordinary skill in the art will appreciate that as mat* spectrometry 
techniques for analysis of nucieie adds improve, the sizes of single-sirandcd amplified target 
nucleic acids useful in this invention can be increased. The nature of the mutation to be detected 
is abo a factor in the size limitations for optimum mass resolution. For example, as described 
above lor SNPs, the maximum size limit may be approximately 100 nucleotides in length. 
However, for micrasateflite repeats and other two nucleotide repeats, the maximum si/* limit 
may he approximately 200 nucleotides in length, and the maximum size limit for four- nucleotide 
repeats may be approximately 300 nucleotides. 

I"he large* nucleic acids of this invention may be either double-stranded or single* 
stranded. As used herein, the phrase "obtaining a smgie-stranded reduced -length target nucleic 
acid'' refers to isolating a single-stranded nucicic acid free from its complement for purposes of 
mass spectral analysis. Where the target nucleic acid is single-stranded, j| will be understood by 
those ol skill in the art that no further steps are required to obtain the single -stranded reduced- 
length target nucleic acid from the reduced-length target nucleic acid. However, where the target 
nucleic acid is double-stranded, one of the two complementary strands musi be separated or 
isolated from the other such that only one of the two strands is subjected Uy mass spectrometry, 
, by binding one of the strands to a soiid support denaturing the douhle*s:randcd nucleic acid 
and isolating either the bound or unbound slTand free from its complement. This allows for 
greater mass resolution, simplifies the spectrum, and eliminates the collceiion of cumulative 
information. 
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The term complementary refers to the formation of sufficient hydrogen bonding between 
two nucleic acids to stabilize a douhte-strandcd nucleotide sequence formed by hybridization of 
the two nucleic acids. 

The methods for reducing the length of target nucleic acids eliminate unnecessary 
sequences and reduce the mass of the resulting single-stranded or double-stranded target nucleic 
acids, resulting in increased mass resolution and accuracy. 

Humphry methods of reducing length include; cleaving at endogenous restriction 
endonuclease cleavablc sites present in one or mem flanking regions but absent in the region of 
interest: cleaving at restriction endonuclease clcavable sites which arc at or adjacent to restriction 
endonuclease recognition sites incorporated into one or more of the flanking regions where the 
cleavablc sites arc introduced into the flanking regions using of one or more eleavable primers 
containing restriction endonuclease recognition sites within their sequences; cleaving at a 
combination of restriction endonuclease cieavablc sites where the sites arc endogenous and/or 
introduced using mismatch or overhanging primers; selective digestion of One or more flanking 
regions using cxonuctea.se and m exonuclcase blocking moiety to protect Oil- regions of interest 
from digestion; unci chemically cleaving at a chemically cleavablc site. For embodiments when: 
eleavable sites are employed, the deavqbie sites are often located in or near a flanking region. 
However, the target nucleic acids may be reduced in length by any of the method* known by 
those of .skill in the an for cfcaving within one or more flanking regions preferably without 
cleaving within the region of interest. 

Another aspect of the invention involves ihs use nrdenvnble primers to reduce the length 
of an amplified target nucleic add. An amplified target nucleic acid may be reduced in length by 
cleaving at least a portion of one or more of the flanking regions having a deavabie site, in this 
context, the cleavablc siu; may be introduced via a deavable primer and may he located outside 
of the region of interest. Cleavable primers of the invention may include those having an 
exonuclease blocking moiety, a type IIS restriction endonuclease recognition site, a Type II 
restriction endonuclease recognition site, and sites capable of being chemically cleaved. 

The restriction endonucleases employed with the present invention may include type II 
and type IIS restriction endonuclease*. The restriction endonuclease recognition sites may be 
either within a primer region, or outside the primer region, so long as the restriction 
endonuclease cleavable sites are within or near one or more of the flanking regions. The 
restriction endonuclease recognition sites are preferably not within a region of interest. Far type 
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11 restriction endonueleases, the restriction eodonuclease recognition site is the some as the 
restriction endonuclease cleavabie site. For Type IIS restriction endonueleases, the cleavabie site 
is at a defined distance away from one side of the recognition site, usually from about 14 to about 
20 base pairs away. Thus, if the Type IIS recognition site is contained within a flanking region, 
the endonuclease cleaving site must he within about 20 bases of that flanking region and is 
preferably within 14 about bases of that flanking region. Thus, the term "near" as employed in 
this aspect of the invention means "wiihin about 20 bases." 

Another embodiment of the invention involves reducing the length of an amplified target 
nucleic acid and isolating a single-stranded amplified target nucleic acid at the same time by 
using a cleavabie primer having an exonuciea.se blocking moiety. After amplification of the 
targd nucleic acid, the amplified target nucleic acid will include an exonuclease blocking 
moiety. The amplified targci nucleic acid is then treated with a 5' to 3' exonuclease. which 
degrades the strand containing the exonuclease blocking moiety in a 5" to 3' direction only up lo 
the blocking moiety. The 5' to 3" exomieJcase may optionally degrade the other complementaty 
strand of the amplified mrget nucleic acid, in cases where the other strand docs not have an 
cxouuclea.se hlocking moiety. The treatment with the 5' to J exonuclease leaves a reduced- 
length, single-stranded amplified target nucleic acid for mass spectromeuic analysis. 

Cleavabie sites within cleavabie primers may include chemically cleavabie groups 
incorporated within ihc phosphate backbone linkage {e.g. replacement of phosphate with a 
phosphoramidate) or as a substituenl on or replacement of one of the bases or sugars of the 
oligonucleotide primer a modified base or sugar, for example, a more labib glycosidic 
linkage). Such chemically cleavabie groups would be apparent to one of skill in the an in light 
of the present disclosure and include, for example. dialkoxysilane, 3'.(S)-phosphorothioate, 5'- 
(S>phosphorothinate. 3 , -(N)-phosphoroamidate ! 5'-(N).phosphoroamidalc, and Hhose. FIGS. 
J6A and 16B depict a jHSi-phosplwrotnioate and 5'-(S)-phosphoromioate. respectively as 
defined in this invention. Note that these linkages are often referred to as thiopho*pbatcs as well. 
A similar nomenclaiure is employed for 3 , -(N)-phosphoroamidale. 5'-<M>phosphoroamtd8tC. 
The chemically cleavabie site should generally he stable under the amplification, hybridization 
and washing conditions io be employed and is preferably within one or more of the flanking 
regions. 

In a preferred embodiment, the cleavabie site is located near the 3' end of the primer used 
to bind the amplified target nucleic acid to the solid .support. By locating the cleavabie site near 
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the -3' end, it is possible to further reduce the length of the amplified target nucleic acid, 
eliminating a flanking region from the polynucleotide region of interest. Clcavabte primers are 
described in PCT/US5W06 M 6, Hied April 26, 1996 (incorporated herein by reference). 

Accordingly, cleavable primers may contain one or more restriction recognition sites of 
one or more different restriction cndonucleases; one or more ekavaWe sites of one or more 
different restriction endonucJ eases; one or more exonuclcase blocking moieties; one or more sites 
capable of chemical cleavage; or a combination thereof. 

The present invention also provides methods for obtaining single-stranded or double- 
stranded amplified target nucleic acids. The isolation methods include direct attachment of one 
of the two strands of a double-stranded amplified target nucleic acid or a set of such molecules, 
to a solid support. The isolation methods further include indirect attachment of a single-stranded 
or double-stranded amplified target nucleic add or a set thereof, to a solid support via an 
attachment capable of atiaching to a solid support via covalent or noncowlcm attachment. 
Methods of direct attachment include for example. hiotin/nvjdin interactions. as well as other 
methods known by those of skill in the art. 

for example, in one embodiment, a strand of an amplified target nucleic acid may he 
bound or attached to a solid support to permit rigorous washing and concomitant removal of salt 
adductx, unwanted oligonucleotide* and enzymes. Hither a double-stranded amplified target 
nucleic tmd or a single-stranded amplified target nucleic acid may be isolated for mass 
spectrometry analysis. The single-stranded amplified target nucleic acid analyzed by MS may 
be cither the strand bound or not bound to the .solid support. 

When toe unbound strand is used for MS analysis, it is typically purified hy first washing 
the bound strand and a* attached complement under conditions not sufficiently rigorous to 
disrupt the .strand's attachment to its bound complement. Afier unwanted biomoleculcs and salts 
are removed, the complement may then be released under more rigorous conditions (see HG 
II). 

In contrast, when the bound strand is to be analyzed, it is typically washed under more 
vigorous conditions such that the interactions between the bound strand and its unbound 
complement is disrupted. This allows the unbound strand to be washed away with the other salts 
and unwanted biomolccules. Citable linkers or cleavable primers may be used to release the 
bound strand from the solid support prior to MS analysis. 
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The isolation methods described herein provide significantly .mproved mass resolution 
and accuracy in large mass ranges. Such jsoJaiion „ f dtbcf single . strail£tad or im}A<MaM 
amplified target nucleic acids generally occurs prior to the application of the nucleic acids to the 
matrot solution, resulting in well-defined mass spectral peaks and enhanced mass accuracv Th- 
matrix solution can be any of the known matrix solution* used for ^ spectrometry analysis 
meluding 3-hydroxypicolinic acid ("3-HPA"), nicotinic acid, picolinic acid. 2.5- 
dihydroxybenzoic acid, and nitrophenol. 

Tne reducing and obtaining steps may occur consecutively in any order or 
simultaneously. Thus, this invention encompasses (i) reducing the length of a target nucleic acid 
pnor to isolating ute single- stranded reduced-length target nucleic acid from its complement acid 
to ob,am the smgle-strandcd reduced-length target nucleic acid: (ii) isolating a sin g ,c-s*and of 
-he full-length target nucleic acid Ire,, from its comply and then reducing the length of ,hc 
smglc-stranded target nucleic acid to obtain the single-stranded reduced-length target nucleic 
W ' d; &i ™™*™*y Cueing the .ength of the target nucleic acid and isoiaung it free from 
its complementary strand acid .o obtain the single-sanded reduced-length target nucleic acid- or 
(.v) any combination of the above steps so long as acid a siugle-strandcd reduced- length target 
nueletc acid is obtained free of its complementary strand prior to mass spectral analysis. 

Another aspect of this invention encompas.es a method of determining the ma, s 0 f a 
target nucleic acid, where the target nucleic acid generally contains a firs, strand and a second 
complementary .strand. The method of the invention include,: identifying a laract nucleic acid- 
am P i.fy,n g the targe, nucleic acid prior to reducing the length of the target nucleic acid to 
produce an amplified target nucleic acid; reducmg the length of the target nucleic acid by 
cleavtng al least B portion of one or more of the flanking regions to produce a reduced-length 
target nucleic acid: obtaining a single-stranded reduced-length target nucleic acid; and 
determining the mas* of the single-stranded reduced-length target nucleic acid using a mass 
spectrometer where the target nucleic acid further comprises a region of interest and one or more 
flankmg regions and where the obtaining step comprises attaching the first .strand of the 
amplified target nucleic acid to a solid support and separating the firs, .strand from the second 
strand to produce a bound first strand and a,: unbound secund strand. In this embodiment, .he 
mass of the unbound second strand is determined. 

The present invention additionally encompass primers and methods for using primers 
that are capable of being •attached ' or bound ,o a .solid support. Generally, this is accomplished 
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by attaching a binding group or moiety to the primer or to » modified nucleotide during 
amplification, where the binding group or moiety is capable of attaching or binding the 
oligonucleotide to the solid support. This binding moiety may be attached to the oligonucleotide 
primer or amplification product either directly, through an intervening linking group or by 
specific hybridization to an intermediary oligonucleotide which is itself bound to a solid support. 
Binding moieties include functional groups for covalcnt bonding to a solid support, ligands that 
attach to the solid support via a high-affinity, noncovaient interaction (such as biotin wi:h 
suxptavidinj, a series of bases complementary to an intermediary oligonucleotide which is itself 
attached to the solid support, as well as other means that are well-known to those of skill in the 
art, such as those described in PCT WO 96*7630, incorporated herein by reference. 

The first strand is typically separated from the second strand by washing under conditions 
rigorous enough to d.smpt the double -stranded base pairing atmcture, but not rigorous enough to 
disrupt the aUacJunent of the bound first strand to the solid support. The solution-pha.se (or 
washings) containing the unbound strand can then be prepared for mass spectral analysis. 

Cleavable primers and sites as discussed above arc also employed in this embodiment. 
However, the cleavable site should preferably not be between the binding moiety, i.e. the group 
attaching Lhe first bound strand to the solid support, and the region of interest. Alternatively, the 
cleavable site should be incorporated into the second strand only, and not into the first strand that 
is to be attached to the solid support. 

A preferred embodiment encompasses the use nf a cleavable primer having a chemically 
cleavable group of .V-(S)-phosphoroihi»ate or 5'-(S)-phos P horothioate. where the first strand is 
biotinylated and bound to a solid support via a biotinravidin interaction (i.e. where sireptavidin 
beads are used for a solid support). It is also preferable lu employ mass-modiiied nucleotides 
with this aspect of the invention. 

Alternatively, the obtaining step may include (a) attaching the first strand of the amplified 
target nucleic acid to a solid support, (b) separating the first strand from the second strand to 
produce a bound first sirand and an unbound second strand, (c) removing the unbound second 
strand, and (d) releasing the bound first strand from the solid support to produce a single- 
stranded reduced-length amplified target nucleic acid for mass spectral analysis. In this 
embodiment, the mass of the bound first strand is determined using a mass spectrometer. 

Several methods may be employed to release the reduced-length single-stranded 
amplified target nucleic acid from the solid support. Generally, the methods used most either 
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emptoy reversible chemical interactions between the binding group and the solid support, that is, 
a "cleavable linker," or a separate chemically or en*ymatically cleavable site somewhere within 
the bound product. Thus, these methods for releasing the bound strand include all of the 
methods that may be used for reducing the length of the bound strand as well. For example, an 
txonuclease blocking group, endonuclease recognition site, or a chemically cleavable site may be 
incorporated into the bound strand between the binding moiety and the region of interest, 
cleaving at one of these sites through use of an exonucleasc, endonuclease, or a chemical agent 
accomplishes both the releasing and the reduction in length simultaneously. When more than 
one target nucleic acid is identified for analysis, the target nucleic acids may be released and 
analyzed at ihe same time or consecutively. 

This invention also encompasses methods fur release that do not include reducing the 
length of the amplified or unamplified target nucleic acids depending on the method used to bind 
the amplified target nucleic acid to the solid support. For example, both the hybridization and 
biotin/streptavidin methods employ means such as denature ion to disrupt the noncovalent 
interactions and cause ttie release of the hound single-stranded target nucleic acids. It may be 
preferred to use a chemically cleavable site with the biotin/streptavidin method so that release of 
the target nucleic acids can be performed under relatively mild conditions. 

Another embodiment of this invention encompasses a method of preparing n double- 
s:randed target nucleic acid for mass spectrometry analysis. This method generally includes 
comprising; amplifying a target nucleic acid to produce an amplified target nucleic acid; 
attaching the first strand of the amplified target nucleic acid ly e solid support to produce a bound 
tirst strand and an unbound second strand: removing, or detaching, the unbound second strand 
from the bound first strand; releasing the bound first strand from the solid support Ui form o 
singlu-slranded amplified target nucleic acid; and determining the mass of the singlcstranded 
amplified target nucleic acid using a mass spectrometer where the amplified target nucleic acid 
comprises a first strand and a second complementary strand. In this embodiment, the unbound 
second strand is typically removed from the bound first strand by denaturing and washing. 

A preferred embodiment encompasses employing a cleavable linker during the releasing 
step, wherein the determining step preferably does not involve sequencing the amplified target 
nucleic acid. 

The present invention also provides methods of detcctmg polymorphisms in one or more 
target nucleic acids. This embodiment generally includes; amplifying at least one target nucleic 
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acid: reducing the length of at least one oi "the amplified target nucleic acids comprising cleaving 
off a portion of one or more flanking regions, and determining the musses of each of the reduced- 
icngtb amplified target nucleic acids u.>ing a mass spectrometer wherein said amplified target 
nucleic acid comprises a region of interest and one or more flanking regions. This method may 
he used to detect polymorphisms in a single target nucleic add compared to a wild type turret 
nucleic acid by detecting variability in mass. Other "alleles" of the target nucleic acid may also 
be delected using the methods of the invention. 

In the present disclosure, "wild type" is the standard or reference nucleotide sequence to 
which variations are compared. Thus, by definition, any variation from wild type is considered a 
polymorphism, including naturally occurring sequence variations and pathogenic mutations. 

In another embodiment, method* arc provided for detecting polymorph isms in at least 
one target nucleic acid. These methods may include amplifying at least one target nucleic acid> 
isolating either a positive or negative strand of the amplified target nucleic acid to form a single- 
stranded amplified target nucleic acid: and determining the masses of each single-stranded 
amplified target nucleic acid usin^ a mass spectrometer where the amplified target nucleic acid 
comprises a region of interest and one or mote flanking regions. 

In yet another embodiment, methods are provided for detecting polymorphisms in at least 
one target nucleic acid by amplifying at least one target nucieic acid; reducing the length of at 
least one of the amplified target nucleic acids comprising cleaving off a portion of one or more 
flanking regions; isolating either a posiuvc or negative strand of said arnpfiiled target nucleic 
acid to font) an amplified target nucleic acsd; and determining the muss of each single -stranded 
amplified target nucJcje acid using a mass spectrometer where the amplified target nucleic acid 
comprises a region of interesi and optionally one ur more flanking my ions 

The methods described in the present invention may also be used to detect 
polymorphisms in a set of different target nucleic acids. In this context, the methods should 
generally include: amplifying each of the target nucleic acids; reducing the length at id/or 
isolating a single-strand of each of said amplified target nucleic acids; and determining the mass 
of each of the single-strands of said amplified target nucleic acids using mass spectrometry. 
Thus, these methods can be used to detect polymorphisms in a plurality of different target 
nucleic acids simultaneously. 

Using the methods described herein, one can uniquely identify a genomic .sample by 
amplifying the target nuclei l acids; isolating singlc-strandcd amplified target nucleic acids: and 
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determine the masses of the single- landed amplified target nucleic acids using mass 
spectrometry. The resulting mass determination or mass spectrum may provide ^formation 
which may be used to indicate a disease state, or propensity t„ disease, uniquely identify the 
source of the sample, or map locations in a genome. 

In yec another embodiment, methods an- provided for detecting polymorphisms in at least 
one amplified target nucleic acid further comprising removing at least one flanking 
polynucleotide region, if pmsent, from at least one of the amplified target nucleic acids heforc 
the isolating slop- 

In a further embodiment, methods for detecting polymorphisms are described wherein the 
inflating step comprises binding the amplified target nucleic acid to a solid support and the 
removing step comprises using one or more restriction endanucleascs ,o cleave oft one or more 
flanking polynucleotide regions. 

The mass of a preferably single-stranded amplified targ,l nucleic acid may h, compared 
with the known or predicted mass of the corresponding wild type smglc-stranded amplified target 
nucleic acid, that is. the w lk l , yP e version of the target nucleic acid that is being screened for 
polymorphism. Alternatively, the masses of more than one amplified target nucleic aci« can be 
compared with the known or predicted masses of the corroding wild type amplified target 
nucleic acids, 

ihe amplified target nucleic acid or set thereof, can optionally have one or more 
nucleotides replaced with m^-modificd nucleotides, including ma S5 -m«,dificd nucleotide 
analog,. For example, FIG. 2A and FIG. 2B il|„ s , ra ie the increase in resolution for a A to T 
mutauon where (he mass-modified nucleotide heptynyldeoxyurjdine has been used in place of T 
during PCR ampJificatioa The use of this mass-modified nucleotide results i„ a separation of 
mass spectral peaks of 65 mass units instead of only 9 mass units. As this example illustrates, 
.^modified nucleotides of the present invention may efrec. substantial incases in spectral 
resolution with only relatively small modifications in mass. Other examples of mass-modified 
nucleotides useful in the present invention include 5^- a mmoal|yl)-2'-dUTP. 5-b™mo-dCTl». 5- 
iodo-dCTP, 7-metbyl-dOTP. 7-deaza-dGTP. dTTP, 5-bromo-dUTP. ].N6- et heno-dATP. v 
mercun-dCTP. aminomethylcoumarin-o^UTP. biolin-16-dU TP. 5-methyl-dCTP, 7-dca^ 
dATP. alphathio-dNTPs. n6-aminohexyl-dATP. 5-iodo-dliTP. 
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Another optional asped of the invention is the inclusion of internal calibrants or interns! 
seif-cahbranls in the amplified target nucleic acid or set thereof to be analyzed by mass 
spectrometry to provide improved mass accuracy. 

A preferred aspect of the invention include* the methods of detecting polymorphisms 
when, the determining seep further include* utilizing internal self-calibrants 10 provide improved 
mass accuracy. The isolation methods separately or together may also be combined with the use 
of internal self-cali brants. 

The above methods, separately or in combination, may also be combined with the use of 
mats-modified nucleotides and mass-modified nucleotide analogs incorporated in the single- 
stranded or double-stranded amplified target nucleic acid or set of singlc-stranded or doiiblc- 
stranded amplified target nucleic acids to improve mass resolution between mass peaks. The 
methods of detecting polymorphisms may also include at least one single-stranded amplified 
target nucleic acid optionally having one or more nucleotide, replaced with mass-modified 
nucleotides. 

In another embodiment, kits for preparing amplified target nucleic acids for mass 
spectrometry analysis are provided. The kits of the invention may include a first primer capable 
of binding a fust strand of one of the target nucleic acids at a region 5' to a region of interest of 
■said target nucleic acid: a second primer capable of binding , second s«rand complementary to 
the first strand at a region 5" to the region of interest of the target nucleic acid: a DNA 
polymerase capable of extending the primers to form primer extension products of the first and 
second primers; and a restriction endonuclease capable of reducing the length of amplified target 
nucleic acids where the first and second primers and said l)NA polymerase are prov,ded m a 
concentration and buffer suitable for increasing the number of target nucleic acids to form 
amplified target nucleic acids 

Another embodiment encompasses a kit for preparing a double-stranded target nucleic 
acid having a first strand and a second complementary strand for mass spectrometrie analysis 
including: a first primer capable of binding the first strand of the target nucleic acid 5' lo a region 
of interest of the target nucleic ae.d; a second primer capable of binding the seco „d strand of the 
target nucleic acid 5' to the mgbn of interest of the target nucleic acid: a DNA polymerase 
capable of extending the primers to form an amplified target nucleic acid; and a restriction 
endonuclease capable of reducing the length of the amphficd target nucleic acid. 
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The firsi and second primers and DNA polymerase may be provided in a concentration 
atjcl buffer suitable for increasing the number of target nucleic acids to form amplified target 
nucleic acids, '[lie restriction endomicleascs may be Type IT or Type IIS restriction 
endonuclca&cs. Preferably, the first primer is biotinylated, prefcrahfy at or near the 5' end and the 
kit further comprises a solid support capable of selectively binding the first strand of the 
amplified target nucleic acid Thus, where the first primer is biotinyJaled. the solid support could 
be a strepiavidin bead Kits included in this invention may preferably also comprise a matrix, 
such a& 3-hydroxyptcolinic acid. 

An aspect of the present invention also include* a kit for preparing a double- stranded 
target nucleic acid having a first strand and it second complementary strand for mas* 
spectromecrie analysis comprising a first primer capable of binding the first strand of the target 
nucleic acid 5' to a region of interest of the target nucleic acid: a second primer capable of 
binding the second strand 5 1 to the region of interest of the target rteelcic acid; and a DNA 
polymerase capable of extending Ihe primers to form art amplified target nucleic acid, where the 
first primer comprises a cleavable primer cleavable by chemicai or enzymatic treatment. 
Preferred deavable priimrs include those having an exonueleasc blocking moicLv, a Type II or 
Type II restriction endonudease recognition site, or a chemically disable she, such as a 
modified base, a modified sugar, or a chemically cleavable group incorporated into the phosphate: 
backbone. Preferred chemically cleavage groups arc dialkoxysilane. -3M'S)-phosphomihioatt. 
5 , -{S)-pho.sphorothloate, 3'<N)-phosphoroamidale, or ^fNVphii.sphomamidate. 

Preferably, the kit may also contain a solid support capable ofselec lively binding the first 
strand of the amplified target nucleic acid. For example, if the first strand preferably eompriscs a 
biotin, the solid support could comprise a strcptavidin bead. These kils may also preferably 
further comprise a matrix, such as -3-hydroxypicolinic acid. 

Another embodiment is a kit containing: a first primer capaolc of binding a first strand of 
one of the target nucleic acids at a region 5' to u region of interest of the target nucleic acid: a 
second primer capable of binding a second strand complementary to the first strand at a region 5' 
to the region of interest of the target nucleic acid; a DNA polymerase capable of extending the 
primers to form primer extension products of the first and second primers, where at least one of 
the two primers is a cleavable primer. 



WOSW/123S5 PCT/US97/171M 

19 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. IA is a resolved spectrum of nucleic acid fragments (DNA) in the 20,000 to 25 T 000 
Da range using MALDI-TOF mass spectrometry. This positive ion time of flight mass spectrum 
was obtained from 200 fmoJes of DNA in 1-HPA the summation of 100 laser pulses at 266 ron. 
The spectrum is of a single-stranded 72-mer which also shows a 71-mer. The FWHM resolmion 
is 240 clearly resolving matrix adducts (labeled M). 

FIG. IB displays the positive ion TOF mass spectrum of a 88-mer parent peak and has a 
resolution of 330. This MALDI-TOF spectrum is a sum of 100 laser pulses at 266 rnn was 
obtained from 200 Imoles of DNA in .1-HPA. 

FIG. 2A shows tine mass spectrum of a heterozygous mix of wild type and mutant DNA 
fragments where an A has mutated to a T giving spectral peaks separated by 9 mass units. 

K1G.2B illustrates the effect on mass resolution of a mass-substituted base. The 
spectrum in FIG. 2B consists of a mass spsccrom of a heterozygous mix of wild type and mutant 
UNA fragments where A has tirjutted to T and the T has been replaced by heptynyldcoxyuridme 
during amplification of the mutant region (R -. beptynye). The spectral peaks are now separated 
by 65 mass units as compared to only 9 mass units in FIG. 2A. 

FIG. 3 is a diagram illustrating the effect of analyzing full-length double-stranded 
amplified target nucleic acid, where the blunt-ended douhJe-strar.ds result in unresolved peaks in 
the mass spectrum of the unresoived double-stranded fragments. In this instance, the source 
nucleic ncitt may be amplified, tor example, by PGR. and then mass analyzed as the fulUengd:. 
double-stranded product. The amplified target nucleic acid should lypscaily be no greater than 
about 100 base pairs la length. 

FIG. 4 i$ a diagram illustrating the effect of analyzing reduced-length double-stranded 
amplified target nucleic acid, where one of the strands has a 4 nucleotide overhang which results 
in fully resolved peaks of the double-stranded fragments in the mass spectrum. I„ this case, the 
source nucleic acid is amplified {t.» PGR) in step (a), then reduced in length by restriction 
digestion of the double-stranded product in step (b) to yield an uneven ended product. The 
reduced-length, double-stranded product is then mass analyzed to yield to fully resolved peaks. 

FIG. 5 illustrates that analyzing only a single-stranded amplified target nucleic acid 
reduces ihe number of strands and simplifies the mass spectrum. The source nucleic acid i? 
amplified ie.g. PCR) in srep (a) and then captured to a solid phase streptavidin bead in step (b). 
The solid phase is then rigorously washed to remove saJu and unwanted biomoleculcs including 
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the bottom complementary strand in step (c). The isolated full-length, single-stranded amplified 
target strand is finally released into solution to be mass analyzed in step (d). Although this 
diagram as well as the diagrams in FIG. 6. FIG. 7, FIG 8. FIG. 9. FIO. 10, FIG. 1 1 and FIG. J 2 
depicts the use of a biotinylate top primer (B) and a strcptavidin solid support, these schemes are 
also generally applicable to other methods of selectively binding one strand of an amplified 
target nucleic acid to a solid support to facilitate the washing away of unwanted biomolecules. 
salts and the other complementary strains. 

FIG. 6 employs a clcavable primer to reduce in length an amplified targe; nucleic acid 
that is larger than 100 base pairs to less than 1 00 nucleotides in length. The cleaving at the 
cleavable primer site also releases the single-stranded amplified target nucleic acid from the solid 
support. In this instance, the top primer is hiotinylated and cleavable. In step (a) the source 
nucleic acid is amplified (eg. PCR) and captured to solid phase streptavidin bead in step (b). 
The solid phase is then rigorously washed to remove sales and unwanted biomolecules including 
the bottom complementary strand in step (v.). The isolated, reduced-length, singlc^trandcd 
amplified target is released into solution by cleaving the primer at the cleavable site in siep (d.i 
for mass analysis. 

I'IC. 7 is a diagram illustrating the isolation of a single-stranded amplified target nucleic 
acid that has been reduced in length by cleaving off at least a portion of both flanking regions. 
The first flanking region contains a cleavable site in the cleavable primer, ioeated outside of the 
region of interest. The second flanking region is on the opposite end of the amplified target 
nucleic acid and the portion of that second flanking region is cleaved off by digestion with a 
restriction endonucleasc. The top primer is biotinylated and cleavable. The source nucleic acid 
is first amplified (e.g. PCR) (step (a) j and captured to the solid phase (e.g. streptavidin bead) 
(step (b)>. The double-stranded target is then selectively restricted outside the genetic region of 
interest (step (c)>. The order of steps (b) and (c) may be reversed. The solid phase is rigorously 
washed to remove salts: and unwanted biomolecules including the bottom complementary strand 
(step (d)i. Finally, the isolated, rcduced-lengdi, .sim>le-strandcd amplified target strand is 
released into solution in be mass analyzed by cleaving the cleavable primer ( step (e)). 

FIG. 8 shows the isolation of a single-stranded amplified target nucleic acid, where the 
length of the amplified target nucleic acid is reduced by cleaving oft n portion of both flanking 
regions by (I) using a first or top primer having a chemically cleavable site incorporated durint; 
amplification: and (2) using a bottom primer having a Type IIS restriction endomiclc 
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recognition site at the 5' end during amplification. The target nucleic acid is first amplified (e.g., 
PCR) (step (a)). The use of the bottom primer with a type IJS restriction enzyme recognition site 
on the 5' end allows for the incorporation of this site on the end of the target nucleic acid. The 
top primer is then captured to a solid phase (e.g., a strcptavidin bead) in step (h). One flanking 
region is then cleaved offby digesting with a Type US restriction endonuclease in step <c). After 
rigorously washing to remove salts and unwanted biomolecules, including the unwanted 
(unbound) complementary strand in step (d), the single-stranded amplified target nucleic acid is 
released from the solid support by cleaving at the cleavable site within the cleavable primer in 
step fe) for mass spectral analysis. The order of steps (b) and (cj are reversible. 

FIC. 9 depicts another embodiment of the invention, wherein one primer has an 
exonnclease blocker {♦). After amplification of the target nucleic acid, step (a), the amplified 
targei nucleic acid contains an exonueiease blocking group. The amplified target nucieic acid is 
then created with a 5' to V exonucicase. step (b), which degrades the strand containing the 
exonucicase hlocking group only up to the blocking group. The 5' to 3' exonuelease completely 
degrades the other complementary strand of the amplified target nucleic acid as the other strand 
does not have an exonucicase blocking group. The treatment with the 5' to V exonuclease, thus, 
leaves a single stranded amplified target nucleic acid for mass spectrometric analysis. 

FIC. 10 is a diagram illusrraring yet another embodiment, in which one primer contains a 
Type IIS restriction recognition .site and a binding moiety, e.g.. biotin (B). wherein the Type JIS 
restriction cleavage site is located between the Type IIS restriction recognition site and the 
binding moiety. The source nucleic acid is first amplified using this primer and another primer 
complementary to the other strand, step (a). The amplified target nucleic acid is then restricted 
with the T>pe IIS restriction endonuclease corresponding to the Type IIS restriction recognition 
and cleavabfe sites in the primer {.step fb)), leaving a reduced-length amplified targei nucleic acid 
comprising a binding moiety, e.g. biotin. which can then be captured to a solid phase 
fstreptavidm bead) (step (c». The reduced-length amplified target nucleic acid is then rigorously 
washed to remove salts and the unbound complementary strand, step <d). Then the reduced- 
length, single-siranded amplified target nucleic acid is released from the solid support for mass 
.spectrometric analysis by denaturing the biotin strcptavidin bond. e.g. . by boiling tinder low salt 
conditions, step(e). 

FIC. 11 is a diagram illustrating a variation of the embodiment illustrated in FIG. 10. 
wherein instead of isolating the bound reduced length, single- stranded amplified target nucleic 
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«d. the complementary (unbound) strand is released from the bound strand and isolated for 
mass spectromelric analysis. Thus, the source nuclei, acid is amplified (step (.». Tlte amplified 
target nucleic acid is then cleaved with a type US restriction endonucJcase (step (b» and captured 
to a solid phase (e. K .. by biotin (b) interacting with a streptavidin bead) (step (c)). Unwanted 
salts and biomolecules arc removed by washing (step (d)). This rime, in contrast to the scheme, 
depiction F IG. 5. FIG. 6, FIG. 7, FIG. 8 and FIG. 10. The initial washing is not so rienrous as to 
iltsrupt the interaction between the bound strand and its complement. In ste p (e) the 
complementary strand is released for mass analysis. 

FIG. 12 is another embodiment wherein the double stranded UNA is mass analyzed The 
source nucleic acid is amplified (step (a)). ,n this embodiment the top primer is biotinylated and 
contams a type IIS restriction site such that chc cleavage site j. between the region of interest and 
.he btoiin moiety. The amplified target nucleic acid is captured to ,he solid phase (step fb» to 
lactate washing away unwanted snits and biomolecules (step (c». a restriction endonueiease 
•» then used to relea.se the doable stranded fragment for mas, spectral analysis h(-p (d)) . 

FIG. 13 is a mass spectrum of s,n g le,stranded amplified short tandem repeats from the 
tyrosine hydroxylase gene THOl locus. 

FIG. 14 b a mass spectrum of an allelic set (ladder) of single-stranded amplified target 
nuelete acid, from the THO! gene locus, wherein the single-stranded amplified targe, nucleic 
acids ranged in length from 71 to 95 nucleotides in length. The method used to produce this 
spectrum is the one depicted in FIG. 6. 

FIG. 15 is a mass spectrum of a set of single-strandcd amplified target nucleic acid, 
wherein the single-stranded amplified target nucleic acids were the same a, those depicted i„ 
HG. 14 except that the lengths of the amplified targcL nucleic acid, had been reduced by 31 base 
patrs by endonucleaae cleavage. The method employed to prduue this spectrum is .he one 
illuslrated in FIG. 7. 

FIG. 16A shows the chemical formula for 2'-deoaylhymidine-T.(S)- P ho Sp ho W lhtoale 
HC. KB shows the chem.eal formula for 2'-deo X ythymidin e -5'-(SVphosphorothioate. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

The present invention, directed to methods of and fki.s f„ r ?7epmin , (argct ^ ^ 
for mass spectrometry analysis and for detecting polymorphism, provides advantages of 
teclaacal case-, speed, and high sensitivity. Additionally, only minute sample, of fcmtomo.e 
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counts are required. The methods and kits described herein yield r minimal set c f products 
with improved mass resolution and accuracy and detailed information about the naiurc of the 
polymorphisms detected in the target nucleic acids screened. 

One embodiment of the present invention involves methods of detecting polymorphisms 
in one or morc target nucleic acids comprising (a) amplifying at least one of said target nucleic 
acids, wherein each ot said target nucleic acids comprises a region of interest and optionally one 
or more flanking regions, (b) Isolating either a positive or a negative strand of interest of each of 
said target nucleic acids in the form of one or more single-stranded amplified target nucleic 
acids, wherein said isolating preferably comprises binding said strand of interest of each of said 
amplified target nucleic acids to a solid .support, and (c) determining the masses of each of said 
single-stranded amplifier, target nucleic acids using a mass spirometer, wherein said 
determining preferably does no. involve sequencing of .said amplified single-stranded tared 
nucleic acids. The amplifying step may include .be use of a specialized primer thai can be used 
in the isolating step to bind the amplified target nucleic acids to a solid support. The primer may 
also have attached a enable or reversible linker, or the primer itself may contain a cleavable 
site. If a cleavable site is introduced ir.to one of the amplified target nucleic acids by using a 
cleavable or reversible linker during said amplifying step, the determining docs not involve 
sequencing of the amplified target nucleic acids. The primer may aiso be biotinylatcd or 
modified in other ways .such as to effect binding of the amplified tan*, nucleic acids to a solid 
support. The primer may also optionally be bound or attached lo the solid support prior to being 
amplified. One of ordinary skill in the art will appreciate the multiplicity of methods to effect 
such attachment. 

The isolating may further comprise denaturing and washing to remove the 
complementary strand from the strand of interest which is bound u> a solid support, followed by 
release of the bound single-stranded target nucleic acids from the solid support. Alternatively, 
the unbound complementary strand may be released and isolated for mass spectrometry analysis. 

After amplifying and either before or after the amplified target nucleic acids have been 
bound to a solid support, the amplified target nucleic acid may be reduced in length by a number 
or different techniques. For example, one or more flanking regions may be cleaved using one or 
more restriction endonucieases. such as Type U or Type ||S restriction cndonucleaacs or 
combinations thereof. The amphfied target nucleic acid may also be reduced in length by using a 
citable primer. Another method of reducing length composes using an exonuclease blocking 
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moiety in one of the two primers for amplification, and digesting said amplified larget nucleic 
acid with a 5' to 3' cxoxiuclease. 

The target nucleic acid may be single-stranded or doubicstranded DKA. RNA or hybrid* 
thereof, from any source. The target nucleic acid is generally a nucleic acid which must he 
screened U. determine whether it contains a polymorphism. The corresponding target nucleic 
arid derived from a wiJd type source is referred to as a wild type target nucleic acid The 
amplified target nucleic acids can be obtained f rom □ source sample containing nucleic acids and 
can be produced from the nucleic acid by PCR™ ampliation or other amplification techniques. 
Although human sources are preferred, aj.y source which one is interesLed in screening for 
polymorphisms may be used in the methods described herein. When the target nucleic acid i s 
RNA. the RNA strand is the - .strand. If desired, the target nucleic acid may be an RNA/DNA 
hybrid, wherein cither strand can be designated the i- strand and the other, the - strand. 

In cases where the amplified target nucleic acid contains UNA. the methods using 
restriction endonucleasts described herein cannot be used to directly reduce the length of the 
final product. A restriction endonuclea.se may be u$ed to reduce the length of the double- 
Stranded DNA intermediates prior to the RNA Iranscription step. 

The amplified target nucleic acids are lypicatly less than 100 c^ses in length because 
current mass spectrometry methods do rot have the mass accuracy and resolution necessary to 
identify a single base change in polynucleotides larger than 100 base pairs. However, as mass 
spectrometry techniques for analyzing nucleic acids improve, the single-stranded or double- 
stranded amplified target nucleic acids of this invention may be larger than 100 bases in length. 

Due to the simpler mass spectrum that results from mass analysis of single-stranded 
amplified target nucleic acids, it is preferred (o determine the masses of sets of single-stranded 
amplified target nucleic acids. The amplified larget nucleic acids may also contain ™ ss - 
mndified nucleotides, which can enhance case of analysis, especially when a poinl 
polymorphism has resulted in a very small mass change (on the nrder of O Da) in a target nucleic 
acid as compared to the corresponding wild type target nucleic acid. The methods described 
herein use mass spectrometry to determine the masses of a singlc-siranded amplified target 
nucleic acid or set of single-stranded amplified target nucleic acids to detect polymorphisms in at 
least one larget nucieic acid. 

The amplified target nucleic acids comprise a region of interest and optionally, one or 
more flanking regions. A region of interest contains or is suspected of containing a 
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polymorphism, whereas a flanking region is generally believed not to contain a polymorphism or 
a polymorphism in that region is considered unimportant. The region of interest may be as small 
as a single nucleotide. A flajikittg region may contain a cleavable site or cJcavable moiety thai 
can be selectively cleaved to release single-stranded nucleic acids from a solid support prior to 
mass specirometric analysis. An amplified target nucleic acid may also optionally comprise 
another flanking region on the end of the target nucleic acid opposite from the cleavable site used 
for release from the solid support. This second flanking region may contain one or more 
restriction cleavable sites that do not occur in the region of interest. 

The methods described herein may be performed on a single amplified target nucleic acid 
or on a set of different amplified target nucleic acids, each containing .1 different region of 
interest. Hm various stops of reducing length, binding to a solid suppon. releasing from the solid 
support may dirtbr with respect to each different target nucleic acid in a set. or may be the same, 
and the resulting sei of single-slrunded or double-siranced amplified target nucleic acids can be 
mass analyzed simultaneously. Accordingly, another advantage of the methods described herein 
is that :hey can be used to prepare a set or collection of two or more differem target nucleic acids 
in a singb reaction or a single container, possibly using at least one common reagent, which 
results in increased efficiency and more infonnative data from a single mass spectrum of the 
prepared target nucleic acids. 

Wild type refers to a standaid or reference nucleotide sequence, or number of repeat di-, 
tri-. or teira-micleotidcs, ir> which variations are compared. As defined, any variation from wild 
type is considered a polymorphism, including naturally occurring sequence polymorphisms, and 
mutations which are pathogenic. 

Two nucleic acids are considered "complementary" if they are capable of specifically 
hyhridizing to one another (i) under typical hybridizaiion and wash conditions (see, Maniatis 
a aL 1082) or (ii) using reduced stringency wash conditions l-uk allow at most about 25-30*/; 
base pair mismatches, for example. 2 x SSC. 0.1% SDS, room temperature twice, 30 minutes 
each: the,, 2 x SSC, 0.1 % SDS, 37»C once. 30 minutes; then 2 x SSC room temperature twice. 1 0 
minutes each. 

The types of mass spectrometry used in the invention include KSI or MALDI, wherein 
these methods may optionally include time-uf-fljght The significant multiple charging of 
molecules in RSI and the fact that complex mixture analysis is often required mean that the FSI 
mass spectra will consist of a great many spectral peaks, possibly overlapping and causing 
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confusion. Because the MALU1 MS approach produces mass spectra with fewer major peaks, 
thts method is preferred. Thus, a MALDJ MS time-of-flight instrument is preferred for the mass 
analyses of the invention. 

The method, described herein do not require sequencing of one or more target nucleic 
ac,ds (using the sequencing method* ^ fowr diffcrcnt chain 
reasons or chemical cleavages to determine the complete nucleotide sequence ot a nucleic acid) 
■n order u> determine the nature and presence of a poiymorphfcm within any of said target nucleic 
acid,. Hoover, ,hc methods described herein, separately or in combination, may be used in t he 
sequencing of one or more amplified target nucleic acids using m spectrometry techniques 

For an initial polymorphism screen, a usefut range of amplified target nucleic acid si7es 
that will allow detection of a point polymorphism is atound 10 to 100 bases. This size range i, 
where mass spectrometry presently l ws the ncccssar , Jcve| of ^ ^ 
Ihus, the methods used in Urn mvention are designed to produce Rifled target ,; UC leic acids 
ranging up to about .00 bases in si*, out can also be used to produce larger amplified target 
nucleic acids. 

Exists mass spectrometry instrumentation in the case of M ALDI-TOF MS optimally 
has a mass accuracy of about 1 part in 10,000(0.01%), fo Ur times what is necessary for detecting 
a single base change in a 50-base long singlc-stranded UNA foment Utilization of mass- 
modefied nucleotides (described herein) and nearby masses as internal calibrants. provide 
optmutl rexolution and mass accuracy of larger nueteic aeics. and can extend the usable point 
polymorphism detection range up u, 100 bases, ,f not higher. Continued advances in mass 
spectrometry instrumentation will a| so push this range higher. 

Samples of the living capabilities of MALUI-TOF MS are displayed in HO. 1 A and 
FIG. ID which .show the positive ion TOF mass spC etra obtained from 200 fmoles of DNA in the 
matrix 3-HPA. FIG. 1A shows two singie-suanded PCR products of length. 71 and 7? (ma,s 
dtffcrencc = 305 l>a - Adenosine) as well ys the 72mer and 72mer + a single matrix adduct fM) 
(mass differ = 1 39 Da) U> be wcil resolved ("FWHM resolution - 240). |-'JCi. iBshowsanSS 
base length single-stranded product having a resolution of 330. Bod, spectra displav high 
enough accuracy and resolution lo detect a point polymorphism if one were present. 
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Benefits of Analyzing Single-Stranded Nucleic Acids 

One object of this invention is the accurate mass determination of a single-stranded 
amplified target nucleic acid or a set of single-stranded an.pUf.ed target nucleic acids ,o 
determine presence and dieter of any polymorphisms. The embodiments of this invention 
include mass spectrometric mass determination of the single-stranded amplified target nucleic 
acid or * of different single-stranded amplified target nucleic acids, a, well as mas, 
determination of. mass-modified, single-stranded amplified target nucleic acid or set thereof A 
Preferred embodiment is to detect polymorphisms in an amplified targe. nucJeie add fa single- 
sanded form, wherein the smgle^mnded amplified target nucleic acidfs) are derived from one 
of cither the positive or the negative strand of me genome. The examples of single-stranded 
methods described herein focus on single-stranded amplified target nucleic acid, derived from 
the positive strand, although the method, disclosed in the preset invention are equally 
apphcable to target nucleic acid as derived fmm lite negative strand as well. 

FJO. 3 illustrates that a double^trandccl target nucleic acid comprising two 
complementary strand, produce, two difficul, to resolve peaks in the m spec,.™ 
corresponding to the denatured single strand, The additional peaks from double-stranded 
ampltfied target nucleiu acids as compared to single-stmndcd amplified target nudeie acids add 
ro the congest™ of mass peaks in the mass speetnu as well as introducing the possibilitv (hat it 
may be extremely difficult to resolve the complementary fronts if we y have nearly or exactlv 
identical base compositions, Furthermore, some portinn of the doubte-stranded amplified targe, 
nucleic acids do no: fully denaiurc. and mass peaks corresponding to the double-sfranded 
products increase the spectral congestion. 

Spectra using bod, strands may also contain a iwo-fcld redundancy in data, since any 
polymorphism in one strand may be oresent within its complement. One strand mv be removed 
prior m mass spectrometry analysis while still producmg all data necessary for a complete 
polymorphism analysis. Therefore, it is often preferable to analyze a set of siuglc strand,, using 
only one of the two complementary sets of amplified target nucleic acids representing the full set 
of lurgcj nucleic acids. 

HG. A .shows the expected spectrum if only the positive strand of a target nucleic acid 
from HQ. 3 is aualy ? *d by mass spectrometry as analysis of one of the two complementary 
strands of the double-stranded amplified target nucleic acids halves the number of expected 
peaks w.thm the mass spectra, allowing lor better r^tioa. rhu., removal of o ne of the two 
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strands from each amplified target nucleic acids eliminates Ihc greatest source of complication 
for each spectra. A number of methods for isolating and preparing single-stranded amplified 
ta^et nucleic acids for mass spectrometry are described herein. 

Pi'ku.-ication Methods 

For mas* spectrometry analyse the target nucleic acids should be within the resolvable 
rang, and high mass accuracy range of the mass spectrometer. Additionally, nucleic acid 
fragments thai do not contribute to the analysis- and may unnecessarily convolute the mass 
spectra should be eliminated, if feasible. 

With analysis methods such as gel electrophoresis. a m i* lare of specifically labeled 
nucleic acid fragments (radioactive^ or fluorescen.ly tagged) can be visualized in the presence 
of other unlabeled nucleic ucid fragment., that comitate but are invisible and therefore do not 
convolute analysis of the gel data. The mass spectrometry methods described herein do not um 
any form of labeling that eould rendur certain fragments invisible. the complementary- st«tod 
in a dcmble-s^nded product, and it is therefore preferable to remove such fragments prior to 
analysis. 

The samples should preferably be or relatively high purity prior to introduction to the 
muss spectrometer. The presence of impurities, especially suits, may greyly affect the 
resolution, accuracy and intensity of the mas S spectrometry signal. Contaminating primers, 
residual sumpie genomic IWA. and proteins, all can afreet the quality of the mass spectra. 

T he purification methods of the present invention are weighed to mass spectrometric 
analysis of nucleic acids, l or example, the methods herein physically isolate selected sets „r 
single-SLranded or double-stranded amplified target nucleic acid, from a multiplicity of 
impurities including undesirable nucleic acid fragments (including the complementary strand and 
flanking regions), proteins and sales, mat would result in a poor quality mass spectrum. These 
isolation methods offer significant advantages due to the physical separation of a desired set of 
single-stranded or double-stranded amplified target nucleic acids from other impurities in 
preparation. 
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APPROACHES TO ISOLATING SiNGLE-STRA.VDEDOR DOUBLE-STRANDED AMPLIFIED TARGET 

Nucleic agios 

As described earlier, analysis of single-stranded amplified target nucleic acids is 
generally preferable since it provides a complete set of data with the minimal number of 
fragments and therefore simplifies the spectra and facilitates an increase in the total number of 
target nucleic acids that can be analyzed in a .single assay. A number of approaches can be taken 
toward the production of single-stranded amplified target nucleic acids and their purification 
which includes the elimination of undesircd oligonucleotides. In some cases, it may be 
preferable to use a method of amplification that yields primarily single-stranded amplified target 
nucleic acids, such as asymmetric PCR or transcription-mediated amplification. 

To isolate the single-.stmnded amplified target nucleic acids, the amplified target nucleic 
acids may be denned to be attached or bound to a solid support. Several means arc availahlc to 
effect this attachment to a solid support, including: (a) hybridization to a complementary, solid- 
phase bound nucleic acid capture probe (which can be an oligonucleotide or one strand of the 
amplified target nucleic acid) comprising a first binding motCLy that specifically binds to a 
second binding moiety attached u, solid phase: (b) direct binding of (he amplified target nucleic 
acid strands of interest, each comprising a polynucleotide region of inters: and a first binding 
moiety, to a second binding moiety attached to u solid phase (e.jp biolin/streptavidin or avidin or 
antigen/antibody pairs); or (c) direct eovulent attachment of the strands of interest to a solid 
support. 

A capture probe is an oligonucleotide that comprises a portion capable of hybridizing to a 
nucleic acid, such as an amplified target nucleic acid, and a binding moiety chat binds the capture 
probe to a solid phase, either .hrough covalent binding or affinity binding, or a mixture thereof. 
A capture probe can itself bind to a solid support via binding moieties (direct capture) or can 
bind to a solid support via another capture probe (hat binds ui a solid support (indirect capture). 

A preferred embodiment is the use of a bioiinyialed amplified target nucleic acid coupled 
to .streptavidin or avidin attached to a solid support where the strand of interest is itself bound. 
Biotin coupling to streptav,din (or avidin) requires that any amplified target nucleic acid or acids 
contain a bio.in. The biotin is part of the linker molecule. It is straightforward to capture the 
amplified target nucleic acid because bioiinyialed primers can be used in the PCR amplification. 
If only one of (ho two strands oi an amplified target nucleic acid is to ne analyzed by mass 
•spectrometry, only one of the two PCR primers for each different largei nucleic acid should be 
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biotfnyhted. Far each target nucleic acid, the PCR primer to be biotinylotcd should be the 
primer that is extended to form the single-stranded amplified target nucleic acid of interest. 

The amplified target nucleic acid or .set of amplified target nucleic acid* can be covalently 
attached to a solid support using any of the number of methods commonly employed in the art to 
immobltzc an oligonucleotide or polynucleotide on a solid support. The amplified target nucleic 
acid or set of amplified target nucleic acids covalently attached to the solid support should also 
be stable and accessible for base hybridization. 

Covalent attachment of the amplified target nucleic acid or set of amplified target nucleic 
acids to the solid support may occur by reaction between a reactive she or a binding moiety on 
the solid support and a reactive site or another binding moiety artached to the target or via 
mterverJm. linkers or spacer molecules, xvhere the two binding moieties can react m form a 
covalent bond. Coupling of a.: amplified target nucleic acid or se: of amplified target nucleic 
acids to a solid support may be carried out through a variety of covalent attachment functional 
group* Any suitable functional group may be used to attach the amplified target nucleic add or 
set of amplified target nucleic acids to the solid support, including disulfide, carbamate, 
hydrazone. ester. N-funciionalizcd ihiouiea. functional^ nialamide, mercuric-suifide, gold- 
sulfide. amide, dtiolester, azo. ether and amino. 

The solid support may be made Iron, a wide variety of materials, such as cellulose, 
nitrocellulose, nylon membranes, tontrolled-pore gias* beads, acrylamide gels, polystyrene, 
activated deMran, agarose, polyethylene, time nonaged plastics. glass, silicon, aluminum, steel, 
iron, copper, nickel and gold. Some solid support materials may require functional jzation prior 
to attachment of an oligonucleotide or capmre probe. Solid supports mat may require such 
surface modification include aluminum, steel, iron, copper, nickel, sold, silicon, and 
nonfunctional!^ polymers. Solid support materials for use in coupling to a capture probe 
include tunctionaJized supports such as the U'-earbonyldiimidazolc activated supports available 
from Pierce iRockford, II.) or funetionalized supports such as those commercially available from 
Chiron Corp. (Emeryville. CA). Dinding of an amplified target to a solhi support can be carried 
out by reacting a free amino group of an amuio-mnd.fkd target with the reactive imidazole 
carbamate of the solid support. Displacement of the imidazole group results in formation of a 
stable N nlkyl carbamate linkage between the amplified target and the support. 

The amplified target nucleic acid or set of amplified target nucleic acids may also be 
bound to a solid support comprising a gold surface. The amplified target nucleic acid or set of 
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amplilled target nuc]e ie acids can be modified at their 5'-e„d with a linker am, tcnninating in a 
dual group, and the modified amplified target nuclaic acid or sel „f modified amplified targe; 
nucleic acid, can be chemisorbed with high affinity onto gold surfaces (Hcgner. «,„/.. 1993b) 

in method, in which a solid-phase appmach is used, preferably the double-stmnded 
amplified larger nucleic acid or set of amplified targe, nucleic acids may be ^shed to remove 
dd*nou. contaminants. However, when the amplified targei nucleic acid strands of invest are 
directly bound, either covaicmly or via biotostrepcavidin biotirVavidin interactions it is 
preferable to rigorously wash the sample t0 y ie.d the highest purity. Such a rigorous wash 
typically remove, the complementary strand, if prescn , isoJating the singlc . stnm<fcd 
target nucleic acid, rolling washing, it is necessary to rcte.se singlcsmmded amplify target 
nucleic ad* from tflo support for mass spectrometric analysis. The Nation of a sc- of 
smgle-stranded amplify target nucleic acid, may be performed on the same plate that is used 
within the ma,s spectrometer or on a .separate surface such m beads or a niter. Both the capture 
probe hybridization and biou^ streplav idin or biotin/avidin approaches can use a number of 
means of denotation to disrupt the noneovalent interacted and afford release of the set of 
smalt-stranded amplified target nucleic acds bound to the solid support. 

Alternatively, a double linkage may be incorporated between the lirst Undine moietv 
and the amplified target nucleic acids. Any covalem coupling chemistry may be reversible or h 
may be necessary to include a separate chemically cleavable linkage somewhere within the 
bound product, f. may also oc useful to use a chemically cleavable linkaee approach with the 
b, y tm/struptnvidi„ (or avidin) strategics so that release of the double-stmnded target nucleic acid, 
can be performed under relatively mild conditions. In all cases the cleavable linkaae can be 
located within the linker molecule connecting the biotin and the base a disuse bed in the 
linker,, within the base M f (e.g. a more labile 8 : y co S idie linkage), or within the phosphate 
backbone hnkage {e . K replacement of phosphate with a phnsphoramidatej. 

Another way to isolate .single-stranded amplified target nucleic acids ia to use a primer 
comprising an exonuclcase blocking m „i el v and to treat with a 5" ,o .V exonuclease which 
d.yests the strand lacking an cxonuclease blocking moiety and the portion of the other strand up 
to .be exonucleasc blocking moiety, leaving jus; the portion of the strand containing the 
exonucleasc blocking moiety and the portion of that strand 3' to the e«onuc.ease blocking 
motety. T nis „ lclhod is descrihed - , ^ rf ^ ^ ^ ^ 
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stranded amplified target nucleic acids can also be isolated by using n DNA-specific or RNA- 
specific nuclease to digest an RNA/DNA hybrid. 

The use of two primers each comprising an cxonucleasc blocking moieiy, wherein each 
primer binds to a different complementary strand, is another way In isolate a double-stranded 
amplified larget nucleic acid. 

METHODS OF REDDC^C LENGTH OF AMPLIFIED T ARC FT NUCLfclC ACIDS 

After the amplification of target nucleic acids, the amplified target nucleic acids, which 
are in double-stranded form, can be cleaved with restriction endonucleases to remove flanking 
regions that are not within the region of interest, wherein said region of interest is suspected of 
containing a polymorphism. 

If DNA restriction endonucleases are used to remove one or more flanking regions from 
an amplified target nucleic add prior to isolating the single-stranded or double-stranded 
amplified target nucleic acid(s). it may be necessary for the amplified target nucleic acid to have 
(idoublcslrantfcd form prior to restriction, or more specifically, thai the restriction eadomieJease 
recognition sites and cleaving sites be located in double-stranded DNA regions flanking or 
outside the region of interest. The alternative to having fully double-stranded DNA prior to 
restriction is io hybridize restriction site oligonucleotide probes to .single-stranded DNA. wherein 
the restriction site oligonucleotide probes are complementary to the restriction sites for selected 
restriction endonucleases. 

The baste known methods for DNA isolation . precipitation, dialysis, filtration and 
Chromatography do not isolate single-stranded from double-stranded DNA. If these purification 
methods are employed, and it may be desired to produce a single-stranded product, it is 
necessary io add a separate step where single-strand isolation is performed. 

If restriction endonucleases arc used to cleave off one or more regions from an amplified 
target nucleic acid, a preferred method for isolating single-slranded amplified target nucleic acids 
from these products is to use at least one biotinyhled primer located at o,e end of an amplified 
target nucleic acid. 

Ihc production of reduced length amplified target nucleic acids can provide benefits of 
increased accuracy and resolution in the mass spectrometrie analysis of even double-stranded 
amplified target nucleic acids. Double-stranded amplified target nucleic acids can have their 
length reduced in a similar manner io that used for processing single- stranded amplified target 
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nucleic adds. Either endogenous restriction recognition sites outside the region of interest or 
primer-incorporated restriction recognition sites, as described below, or combinations thereof can 
be used. Endogenous restriction recognition sites arc those that are found naturally wilhin one or 
more flanking re scions. 

In cases where one or more endogenous restriction recognition sites cannot be found 
outside the region of intrust, *m alternative method is necessary for reducing the length of the 
amplified target nucleic acid- Use of a modified primer during the amplification process can 
mediate the incorporation of a Type If or Type IIS restriction endonuclease recognition site 
within a primer region of !he amplified target nucleic acid. Type US restriction endonuckases 
recognize n particular double-stranded sequence region and selectively cleave the double strand a 
defined distance away from the recognition site. As an example, the restriction enzymes lipml 
and BsgJ cleave the double strands 14 nucleotides (top strand) and 16 nucleotide* (bottom strand) 
away from the recognition sites. Other representative Type IIS restriction enzymes include 
BsvRl. BsmRl and Fokl See New England Biolabs 1996 Product Catalog. Use of Type IIS 
restriction for the reduction of amplified target nucleic actds is illustrated in FIG- 7. 

The restriction method for reducing the length of an amplified target nucleic acid aitbrds 
significant advantages where double-stranded amplified target nucleic acids are to be analyzed 
by mass spectrometry, hor instance, the Mmlter molecules are easier to resolve. Moreover, n 
second beneficial effect of using restriction end onuc leases to reduce length, specifically one thai 
does not produce btum ends, is the production of two strands of different lengths and hence 
different masse*. The creation of two complementary strands of different lengths, e.g. £ u> 6 
nucleotides difference in sire, yields dramatically improved separation and resolution of two 
complementary strands during mass spectrometry analysis as shown in FKi. 4. In many cases, 
reduction of length by restriction eudonuclcase digestion can eliminate the need for single* strand 
isolation. 

In one embodiment* the restriction endonudease recognition site can he the same as the 
Site of cleavage, located in the flunking region opposite from the end of the amplified target 
nucleic acid that is bound to the solid support. In another embodiment, the restriction 
endonucleuse recognition site is different from the site of cleavage, as in the case of Type US 
restriction endonucleases, which cleave ai a defined distance ("20-40 buses) from one side of their 
recognition sequence. When a Type IIS restriction cndonuclcasc is used to reduce lliu length of 
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an amplified target nucleic acid, both ,he recognition site and the *, of cleavage arc commonly 
located outside of the region of interest and in the flanking region. 

One of ordinary skill win readily appreciate that many combinations and variations of 
these method, for reducing length arc ^y, For ^ n ^ ^ 

recognition sites for one or mo* Type II restriction endenucieuse can be used to reduce length 
on one or both regions fi-anking a reg io n of intend Alternatively, endogenous Tvp. „ ^ 
endogenous Type IIS restriction reckon and lavage sice.s can be used to reducj length bv 
cleaving in one or more flanking regions. Also, one or more miction cognition sites can be 
rmroduced using a mismatch prifII4Jr 0r an overhaag primef ^ ^ ^ ^ 

restnefon recognition sites. A mismatch primer Ls one which contain, a. least a single base 
m.smaleh with the target nucleic acid to be angled E ,nd can include primers that have an 
overhang region tha, docs ru,t hybridize to the target nucleic acid M ismalc h primers are a <vpe 
of cleavable primer. Alternatively, endogenous miction recognition site, and pnmer- 
■ntroduced restriction recognition site, can be combined. Cleavable sites can also occur outside 
the prnncr region, ranging from 20-59 nucleotides away from the end of the primer region. All 
of these types of primers are cleavable primers because they contain a site, moietv or group ih* 
can he used to reduce the length of the target nucleic aeid. For example, cleavable primers may 
contain a recognition site, a cleavable site, or au exonuclease blnckiug moietv. 

Another method of reducing length involves ,he use of a printer comprising an 
exonucleasc blocking cnoicty. wherein .aid exonuclease blocking moKty prevent, a V to 3' 
cxonucleaso from digesting a region of inrere.s t that is 3' to so,d exonuciease Hocktng moiety 
The exonuclease blocking motety can mclude modincd nucleotides thnt prevent 5' lo y 
exonucleose activity f ryra continuum phosphorous, methyl phosphonates, borano 
phosphates, and peptide nucleic acds fWA). FIU. 9 depicts .he use of an exonuciease blocking 
motety and an exonueiea*, to reduce ,he length of a target nucleic acid. The nucleotides that are 
degraded by the exonuciease are . multiplied, of cleavahle sites, including many that are 
adjacent to otic another. 

Peptide nucleic acids arc modified DN A mimics in which the .^phosphate backbone 
has been replaced with a backbone based on amino acids. PcptiQe nudcic adds exmbk 
sequence-specific binding to DNA and RNA and are resistant to nuCease and nrotease attack 
SeeBuchamu, fl /„,993. A preferred 5' lo T exonuciease is Exonuciease 11J. FIC 9 illustrates 
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How the use of this method results in isolation of a reduced-length single-stranded amplified 
target nucleic acid. 

The exonudease approach to reducing length can be also used in combination with one or 
more of the restriction endonuclease cleavage techniques described above !o reduce length, in 
such a combined approach, the restriction cleavage should occur before the e.xonuckase 
digestion. 

One of ordinary skill in the an will appreciate that the above methods of reducing length 
may also be used as means of isolating a reduced-length amplified target nucleic acid or a 
redueeo-length single-siranded amplified target nucleic acid. For example, a chemically 
deavablc site car be incorporated in a flanking region and cleavage at that site can accomplish 
both length reduction and release from a solid support at the same lime. Thus, for example, after 
the amplified target nucleic acid is reduced in length, cither the bound sirand or the unbound 
siranrf or both strands of said amplified target nucleic acid can be isolated for mass spectrometric 
analysis. 

In cases where the singlcstrandcd amplified ta^ct nucleic aeid strand to be analyzed is 
directly boo:«d to the solid phase, it can be rigorously washed to remove unbound components, 
including any number of deleterious contaminants, including the unwanted complementary 
strand, nucleic acid fragments containing at least a portion of a Hanking region, sails, enzymes, 
and other reagents. These unbound components can be removed from any nucleic acid bound to 
a solid support in any of the embodiments described herein and combinations thereof. If the 
strand to be analyzed (the strand of interest) is not bound directly hut rather via hybridization to a 
complements , )U deic acid, it cannot be as rigorously washed and thereby cannot be purified to 
as great an extern. Direct binding of the amplified target nucleic acid strand to be analyzed 
ultimately produces a higher quality signal. ^ | ess sa)t adtlu .. ts , during mgss spcctTO9Wtrii . 
analysts, thus improving mass resolution and accuracy. 

Following the necessary wash steps, the single-stranded amplified target nucleic acids are 
released from the solid support and analyzed by mass spectrometry. Now that regions that are 
cleaved off by one or more restriction endonucleasej are released into solution a.«i washed away, 
and are therefore not analyzed. Loss of these flanking regions car. enhance the ability for mass 
spectrometry to quickly identify the existence of a polymorphism. The isolation of the single- 
stranded amplified target nucleic acids occurs prior to the mixing of the single-stranded 
amplified target nucleic acids with the matrix material for mass spcetiorneiric analysis. 



To releaac „« reducJ-^u, sbefc^ded ampiifiad ,a, 8 c, noePeic acid fiom d,, »Ud 
support, metbod, „. „. ^ dtTtnilin8 fc ^ ^ w ^ u e 

-W nuCic acid ,o ,be ^ ^ ^ ^ ^ ^ ^ 

meibod, « u* a norter of ««, or tmm ^ n » ^ _J 
cauae the ,,1=™ of ,ba ^ ^fc,^ ^ ^ ^ ^ 

chemia,™ u! ed mim be ehher revwibk or im|ude a ^ ^^^^ c(ea jMe 
— . wbbin fc b*od p^, lt MJ 6e ^ |o Qse a chemicai|y ctavaNt 
the hMNM ( W ovidin, , „», ^ „ f |he ^ nucWc ^ m 

petfn™, under lively «W oondhioo. „ ^ lte clcoyable ^ „„ „ ^ 

' l! " ,< " m0lMl " e *• - * «■* • «-«* bond in rbe linker; ^ 

ibe base fe4s . raor e hba, rt^W, ^ or wilWn lhs ^ 

ICS '"PlaccmoilofiJkosptatewiibaphosphoramidanl. 

fa a pa*™, cmbodtao,,,. .be d«v*.„ si,e is ,oea,cd w the 3. , )f lhe prjmer ^ 

* *" n,,ClCiC " «» *"* — «• * '—ins d. *^ sile 1Bar 

*e 3' end. i, fa p„ !slbl e „ ^ „ dui;c ^ ( , f ^ ^ ^ ^ 

. <W*» region from *. pol^,^ ^ „ rimeK3 , CtamWe " 
^ ™ m ™* [ "* * ««6 (inaorponded bvrein b r refOTWB , 

Improving Mass Accukacv bv Ifv-i i. i»v 4. r *, 

Mass spectrometers are typicaiiv ca|>bratc< , ^ rf ^ ^ ^ ^ 

pnrdsio, However. t he ca l ibtti ,ion. and associated maw ac^acy and precision, for a ,ive» 
mass spe^omcrrv ^ (incluJiag MALDLTOF MS) can be sign^cam.v i mproved if 
analyses of known t » ass are contained * thc ssunple Ciml2ininfi ^ anaJyie(s) rf 

^ ***** ° f ^ kR0 ^ m - within the .ample is referred to as use of 

M calibrants. External cahW. i.e. an^s of kaown mass thm « no, mi.,ed in wich 
the set ot target nudeic acids of unknown ma.,s and sima.taneou.slv analv^d in a „ 
.spectrometer. m analyzed ^aratelv. External ca ? ibrant S can also be used to i mpmve mass 
Hccur aC v. but because thcy « not analyzed sinuously with the ot targe, nucleic acids of 
unknown o-* they will not increase mass accuracy as m „ch as interna! calibr an ,s do Another 
du.ta.tce of usin, external calibranLs is that it requires un extra s ample to be analv^ by the 
mass spectrometer. For MALDNTOF MS. aenemlly only two calibmnt molecules .« needed for 
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complete calibration, although sometimes three or more calibrants are used. All of the 
embodiments of (he invention described herein can be performed with the Usc of internal 
calibrants to provide improved mass accuracy. 

Using the methods described herein, one can obtain a mass spectrum with numerous mass 
peaks corresponding to the set of single-stranded amplified target nucleic acids under study. If 
"o polymorphism is present in any of said target nucleic acids, all of the mass peaks 
corresponding to the amplified target nucleic acids will be at mass-to-charge ratios associated 
with the set of amplified target nucleic acids from the wild type target nucleic acid,. However, if 
a larget nucleic acid contains a polymorphism, usually no more than one or two of the maw 
peaks will be shifted in mass, leaving the majority of mass peaks at unaltered locations. In a 
preferred embodiment of the invention, a .self-calibration algorithm uses these nnnoolymorphic 
or unmutatcd tarpet nucleic acids for internal calibration to optimize the mass accuracy for 
analysis of the single-stranded amplified target nucleic acids containing u polymorphic J thus 
requiring no added calibrant(s). simplifying the calibration, and avoiding potential spectral 
overlaps. In a given sample, however, it will not be known a priori which mass peaks, if any, 
arc altered or shifted from their expected masses for the wild type target nucleic acids. 

The self-calibration algorillun begins by dividing up the observed mass peaks into 
subsets, each subset consisting of ail but one or two of the observed mass peaks. Each data 
subset ha* a different one or two mass peaks deleted from consideration Tor each subset, the 
algorithm divides the subset furthe, into a first group of two or three masses which are then used 
to generate n new set of calibration constants, and a second group which will serve as an internal 
consistency check on those new constants. The internal consistency cheek begins by calculating 
the ma« difference between the m/ z values calculated for the second *rou P of mass peaks and 
the values corresponding to teasonnble choices for the associated wild-type target nucleic acids. 
The internal consistency cheek can thus lake the form of a chi-square minimis where the 
key parameter is this mass difference. The algorithm finds which data .subset has the lowest .sum 
of the squares of these mass differences resulting , n a choice of optimized calibration constants 
associated with group one of this data subset 

After new self-optimized calibration constants are obtained, the mass-to-charee ratios are 
determined for the mass peaks omitted from the data subset; these are the amplified target 
nucleic acids suspected to contain a polymorphism. The differences from the observed .. . 
peaks tot the wild type amplified target nucleic acids are then used to determine whether 
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polymorph™ is present, end if .so, what the nature of this polymorph is the exaci type 

of ddctan, tnsertion, or point polymorphism). This self-calibrauon procedure should yield . 

mass accuracy of approximately 1 part it. 1 0.000. 

The methods described herein permit MALDI-TOF MS analysis of simne-stranded 

amplified targe, nucleic acid, which has a mass accuracy of approximately 1 p art j n JO .O0O The 
use ot mtcrna. self-cali brants makes it possible to extend this level of accuracy up to and 
potentially beyond 30,000 Da or 100 bases. This raass ^y enables exact siang „f one or 
more target nucleic acids and the determinate of the presence and nature of any polymorphism 
mciudmg point polymorphic insertions and deletions. Further described herein arc methods 
for .mprovng the resolution of individual target nucleic acids by means including elation of 
equal-length complementary pairs through the use singlc-strand-targeted illation orocedures 
and the incorporation of mass-modified nucleotides to enhance the mass difference between 
strmlar sii! cd amplified targe, nucleic acids and*>r wild type amplified tareet nucleic ncids In 
addition. :he S e methods provide for the removal of sidts and o.her deleterious trials as well as 
a means for the removal of unwanted nucleic add fragment prior to mass spectroscopic 
analysis. 



Mass Kesoi.uthw, Mass accural, ano Tif e „ S e ok Mass-Moiled Nik ..echoes 

Any of the embodiments of the invention described herein optional include amplified 
.argot nucleic acids having one or more nucleotide, replaced with mass-modified nucleotide, 
wherein said mass-modified nucleotides comprise nucleotides or nucleotide analogs having 
modifications that change their mass relative to the nucleotides that Ihey replace. The mass- 
modified nucleotides incorporated into the target nucleic acids of the invention musl be amcnab|e 
to the envymatie and nononzymatic processes used for the amplification of target nucleic adds 
For example, the mass-modified nucleotides must be able to be incorporated by DNA or RNA 
polyn^e during amplification of the targe, nucleic acid. Moreover, the mass-modifled 
nucleotides musl not inhibit the processes used to process the target nucleic acids, including, 
inter alio, specific cleavage by restriction ^nucleases, whenever such steps are used Mass- 
modifications can also be incorporated in the target nucleic acids of the invention after the 
enzymatic steps have been concluded. hor example, , number of .mail chemicals can react to 
modify specific bases, such askcthoxal or formaldehyde. 



W0 98/123S5 ^ PCT/im7/PJ01 



■ Any or ail of the nucleotides in the target nucleic acids «in be mass-modified, if 
nccessaty, to increase the spread between their masses. It has been shown that modifications at 
the C5 position in pyrimidin*s or the N7 position in purines do not prevent their incorporation 
into growing nucleic acid chains by DNA or RNA polymerase (Lee * «/., ] 992). For example, 
an octynyl moiety can he used in place of methyl on thymidine to alter the mass by 94 Da. 

Muss-modifying groups can be, Jbr example, halogen, allcyl, ester or polyester, ether or 
poiyethcr. or of the general lype XR, wherein X is a linking group and R is a mass -modifying 
group. The mass-modifying group can be used to introduce defined mass increments into rhe 
target nucleic acids. One of skill in the an will recogn^ that there arc numerous possibilities 
for mass-modifications useful in modifying nucleic acid fragments or oligonucleotides, including 
chose described in Oligonucleotides and Analogues; A Practical Approach, Eckstein ed. (Oxford 
1991) and in PCT/IJSMW0193, which are both incorporated herein by reference. 

At larger mass ranges (30.000-90,000 [>a|. the mass resolution and mass accuracy of 
current MAiJJj-TOF mass spectrometers will not typically be sufficient to identify a single base 
change For this reason, it may be preferable to increase the useful mass range artificially by 
substituting standard nucleotides within a target nucleic acid with mass-modified nucleotides 
having significantly larger mass differentials. Use of mass-modified nucleotides applies as well 
in the mass range below 30,000 Da. Mass modification can generally increase the quality of the 
mass .spectra by enlarging the mass differences between different amplified target nucleic acids 
of similar size and composition. For example, mass-modified nucleotides can increase the 
minimum mass difference between two amplified target nucleic acids thai happen to be identical 
in base composition except for a single base which is an A in one and is a T in Ihc other. 
Normally, these two target nucleic acids will differ in mass by or.lv 9 Da. By replacing one of 
the bases with a mass-modified version during amplification, the mass difference can be > 20 Da. 

The illustrations of spectra in FIG. 2A and K10. 2B depicc the influence mass-modified 
nucleotides can have on target nucleic acid resolution. One example of the mam possible mass 
modifications useful in this invention is the use of 5-(2-heplynyl)-de< )X yuridine in place ot 
thymidine. The replacement of a methyl group by heptynyl changes the mass of this particular 
nucleotide by 65 Da. An A to T transversion in a nucleic acid in which all thymidine bases have 
been replaced with 5-(2-heptynylHeo.vyuridine would produce a peak shift of 56 Da as opposed 
to 9 Da for the same nucleic acid fragments without Ihe mass-modified nucleotides. The use of 
mass-modified nucleotides is especially important in the analysis of sinyje-stranded target 



roass 
a 



WO Wl 2355 

40 rcr/us97/i?iot 

nuclei, acid, derived from RN A. Normal*, the masses of C and U vary by only I Da, ™kiag it 
practically —possible * detect C to U or U to C point polymorphisms within a B rven urgcl 
nucieic acid. 

Each of i„ e techniques described herein can Ik used in combination with any of (he 
isolation methods also bribed herein. Monger the techniques can be used in combination 
wnh each other, as one of ordinary skill in .he art using ,he techniques described herein how ,o 
combine the different aspects of the invention. All of these methods and commons thereof 
can optionally include the use of mass-modified nucleotides and internal calibres. 

Kris 

The present invention also includes kits for preparing nucleic acids for 
-spectrometry analysis. In one embodiment, a kit comprises: a first primer capable of binding 
first strand of one of said target nucleic acids at a region 5' to a region of interest of said target 
nuelce ac.d: a second primer capable of binding a second strand complement to said Hrs, 
strand at a region 5' to said region of interest B f said target nucleic acid: a DNA polymerase 
capable of e*.endmg .said primes to form primer extension products of said first and second 
primers; and a restriction endonuclcase capable of reducing length of amplified target nucleic 
acds. The restriction endonucleasc can be a type II restriction endonucleasc or a Type us. The 
first primer may be biohnylated, i.e. comprise a. least one biotin. The kit may also comprise a 
solid support capable of selectively binding cither a positive strand o, a negative strand 
comprising ±c region of interest of an amplified target nucleic acids, and t matrix solution. 

in another embodiment, a kit comprises a fir* primer capable of bind,ng a first strand of 
nne of sa.d targe, nucleic acids at a region 5' to a region of interest of said targe, nucleic acid: a 
second primer capable of binding a SW ond strand complementary to sa,d lirs. strand at a region 
5" to said region of interest of said targe, nuclei, acid; a DNA polymerase capable of extending 
S a.d P rm,erMo form primer extension products of satd first and second primers: wherein the first 
printer is cleavable by chemical or enzymadc treatment. Tt* cleavable primers of .he invention 
delude those comprising a chemically cleavable site, an e^onuclease blocking moiety, a Type 
US restriction endonucleasc recognition site, or at feast one biotin, but does not mcludc a Type 11 
restriction endonucleasc recognition site where one of the complementary strands cannot be 
cleaved by said Type II restriction endonucleasc. This kit may optionally comprise a solid 
support and a matrix solitfi n. 
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The following examples are provided to illustrate embodiments of the invention, but do 
not limit the scope of the invention. 



EXAMPLES 

Example I. PCR Amplification of a Single Target Nucleic Acid. 

An example PCR protocol that may be employed in this invention ;.s as follows. 
A sample containing 10-10.000 copies of a source DNA may be mixed with two antiparaJlel 
DNA primers that surround a target nucleic acid, e.g. ihc coding region for a gene involved in 
carcinogenesis. The Target nucleic acid may be any sequence thai is known or suspeclcd to be 
polymorphic, including STRs, SSLP, and genetic deletions, insertion*, or point polymorphisms. 
The PCR mix may typically he composed of: 8 uJ 2.5 mM deoxynucleoside iriphospnates. 10 pi 
I OX HCK buffer. I !) ul 25 mM MgC] „ 3 p t 1 0 pM forward primer. 3 pi 1 0 uM reverse primer, 
0.3 pi thermostable Tat| DNA polymerase, 64.7 ut H,0. and 1 pi source DNA. The sample tube 
may (hen be sealed and placed into a thermal cycling device. A typical cycling protocol is as 
follows: 



Step J 


<M ? C2TTun 


Slep2 


y5 c C 15 sec. 


Step :> 


55 d C 1 5 sec. 


Step 4 


72°C I mi». 


Step 5 


repeat Steps 2-1 35 lime: 


Step 6 


72%: 5 mhi. 


Step 7 


stop 



Example 2. Production of Single-Stranded Nucleic Acids by Asymmetric YCM. 

The basic PCR procedure of Example 1 can be modified in order to produce 
predominantly one or the two strands. These usymmecric procedures involve modi lying the 
ratios of the iim> primers, a typical ratio is 10:1. The.se procedures are described in MoJecuiar 
Cloiuiig: A Laboratory Manual, Sarnbiook tlol.. 1 9 8 L > (incorporated by reference herein). 
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Example 3. Production of Single-Stranded DNA via Bi tinylatcd PCR Product*. 

For the preparation and capturing of amplified target nucleic acids to a solid .support, one 
of the two primers used in PCR amplification may be synthesized with a biotin moiety internally 
or at the 5' end of the oligonucleotide. Following a standard PCR. the double-stranded product 
can be bound to a soiid-phase surface coated with streptavidin. For example, 10 pmol of double- 
Stranded PCR product is mixed with S Ml of 10 mg/ml paramagnetic streptavidin-coatcd beads in 
a bindm^hmg buffer of 2.0 M NaCl 10 mM TmCI. I mM t'DTA, pH 8.0. The solution is 
incubated for 1 5 min. al room te.npcn.ture with mixing Following incubation the tube is placed 
next to a high field, rare earth magnet and the paramagnetic beads with the bound biotinylatcd 
PCR product are precipitated to the wall of the tube The supernatant is removed, and the 
particles, outside the in/We of the magnetic field, are redded into Hndi rushing 
butter. The beads and wash solution are mixed and the:, subjected once again to the maenetie 
field to precipitate the magnetic particles. The supernatant is once again removed and either the 
wash step i, repeated or the alkaline denaturaiion stop commences. To release the unbiotinvlatcd 
strand from the double-stranded product. :he he s ds are mixed with an alkaline delation 
solution such «, ().| M NaOH. The beads are incubated at room temperature for ](> min. which 
denatures the PCR produet and releases .he unbioiinylated product into solution. The 
biotinylated strand, bound to the noetic beads is precipe from :he solu:ion under the 
magnetic field and unbiolinylaicd strand. ,:ow sin K le- s trandcd, can opti^ly he transferred to a 
new tube with the supernatant and readied for mass spectrometry analysis. 

The bound single-stranded amplified target nucle.c acid can be released from ,he 
streptavidin-coatcd beads using one of a number of different procedure,. These procedures 
mclude denaturation of hiotin/s^ptavidin bond by heat denaturation <95 X for 5 mm.j, or the 
use of a denature, such as NaOH (1 mM NaOli for 15 min. at 65>C). and u.se of a .secondary 
ckavnblc Site , such as a disulfide linkage (100 mM DTT (dithiothrcito!) for 15 mm. a: rnom 
temperature) or a .V thiotaicd nucleotide (0.) mM AgNO, fur 15 min. a. room temperature) 
present within the primer 

Example 4. Masj Modification wf Target Nucleic Acids. 

Mass modification of the target nucleic acid is typically performed during me 
amplification step. One or more standard deo.ynucleo.side triphosphates are replaced with 
modified deoxynucleo.side triphosphates. As an e*an, P le thymidine may be replaced with a 5- 
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alkynyl-subsiJiuted-r-dcoxyuriuine triphosphate Because the modified nucleotides may not be 
efficient substrates for TSS.A polymerase it may be accessary to increase the concentration of the 
corresponding, triphosphate by a factor of 2 (o 100 over normal levels. 

Example S. Analysis of Single-Stranded Amplified Tetranuckotidc Repeat Region of 
THOlCen*, 

A sample of human genomic DNA is subject*! lo PCR amplification with the primer 
pair: (SEQ ID NO: 2) 5'.Bio»in-GTGATTCfX:ATTGGCCTGT( s T)CCTC-3' and (SCQ ID NO:2) 
5'- AGTGCAGGlCACAGGGAAGACAGA-3', which selectively amplify the tetramtclcotide 
repeal region of the tyrosine hydroxylase ("II 101") gene to give 90-1 14 bp PCR products wiiere 
ST is 5Mhiolaled thymidine, also know* as 2'.«eoxythymidine,r-fS}-pho Sp horolhio a tc (see FIG. 
16). These PCR amplified target nucleic acids are ahoiu a tacior 0 f 2 smaller products than 
current commercially available primers provulc. The PCR reaction is performed on a 50 M L 
scale usin G 17.5 pmoJ ox each primer and 50-100 v. U of template, with 30 3-step thermal cycles, 
following an initial step at 94°C for 2 min. of 94°C tor 45 * foliowed by 55>C for 30 s and then 
72*C for 30 s. A final slep at 72°C for 5 min is added to complete the reaction. The biotinylated 
product is bound to strsptavidm-coated magnetic beads MPG (CPG Inc. Great Keck. NY) and 
then subjected to depuration conditions of 0.1 VI NaOH for 10 minutes. The solid-supporl- 
bound singL-siranded target nucleic acid is then subjected to extensive washing with 10 rnM 
ammonium acetate and deionized water, rhc sjnde-stranded amplified target nudeic acid is 
then released from the bead, hy cleavage of the P-S bond in the cleavabte primer with 0.1 mM 
AgNO,. After 2 of 100 mM dithiothrcitol is added to sequester the Ag + ion. the sample is 
evaporated to dryness in a Speed-vac concentrator. For analysis, the sample is rcdissolved in 
I uL deionized H/> and is mixed with 1 uL of matrix solution consisting of 3-HPA 
(3-hydroxypicolinic acid) in acetonitrile:H 2 0 I: I . The sample is deposited onto a silicon stage, 
dried under a gentle flow of nitrogen and is placed into the mass spectrometer. 

Thg experimental apparatus used for analyzing the sample amplified target nucleic acids 
is composed of an excitation source, a sample manipulator and a TOF mass spectrometer. The 
excitation source used for desorption is a N«;YAG laser. The laser is operated at a 10 Hz 
repetition rate, with a 5 nanosecond pulse width. The desorption laser bean, maintained at an 
incident angle of 45' is focused onto the sample with a 250 mm focal length AI..-2 coated 
spherical mirror to an elliptical spot size of approximately 100 by 150 urn. ,\ Clan-laser 
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polarizer (Newport Corporation, Fountain Valley. CA) is placed in a rotation stage in the beam 
PiiOi for continuously variable attenuation, allowing adjustment of the polarized Nd:YAG laser 
energy density from below 1 mJ/cm 2 to 100 mJ/cm 2 . The optimum energy density for ^sorption 
is in the range of 10 to 20 mJ/cm 2 . 

Mass spectra arc recorded in positive-ion mode at room temperature. The sample region 
is evacuated by a 300 liter per second turbomolecular pump. The drift and detection regions arc 
evacuated using a cryopump with nominal 1500 liter per second pumping speed. The base 
pressure of the chamber is 3 x 10"* Torn and the normal working pressure, within about five 
minutes of sample introduction, is 5 x 10 s Torr. A total of 100 laser shots are summed to obtain 
a spectrum. The spectrum shown in no. 13 reveals two dear peaks corresponding to an 84-mer 
and a 91-mer. which are the expected product sizes corresponding to 8 and 9.3 repeats with one 
extra adenine base added to the 3'-end of each, due to the well-known property of Tciy DNA 
polymerase to yield one-base over-extensions. The two peaks arise because the final sample, 
<hough single-stranded, derives from amplification ol'a heterozygous allele. 

Example 6. Comparison nf mass spectra for a single-stranded amplified THOl ladder of 
nucleic acid* and a single-stranded amplified CHOI ladder that have had their lengths 
reduced by endnnueleasc cleav age. 

A 1 pL sample of 17101 ladder (Iomega Inc.. Madison. Wl) which contains PCR 
products ranging in size from 1 7v-2()1 bp is rcamplificd in « 100 pL reaction volume according 
to the same amplification protocol iis described above for genomic DNA \o yield a ladder of 
product in the size range of 90-1 14 bp. One half of the product mixture (amplified target 
nucleic acids) is bound to streptavidin-coaicd magnetic beads, denatured, washed and cleaved 
from the beads as described in the previous example. The other hall of rhe product mixture is 
tbtJii bound to the streptavidin-coaled magnetic beads and washed. Ther., 2 pL uf I0X NEB 
Butter 4 is added to the second half of the amplified target nucleic acids, foliowcd by the 
addition of 16 pi of H 2 0 and 20 units of Nco I restriction endonuclease (New England Bioiabs, 
Dcvcrly, MA) recognizing CCATGG. This restriciion ctidonuclcasu was chosen to reduce '.he 
length of the amplified target nucleic acid because Hie amplified target uucleic acici contained a 
Nco i recognition site (in the wild type or consensus sequence) which was locaLed in a flanking 
region and not in the region of interest. The mixture is incubated at 37°C for I hour after which 
■the enzyme Is washed away, the amplified target nucleic acids are bound through hiotinyJausJ 
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primers, denatured, washed and singlc-strandcd amplified target nucleic acids are then cleaved 
from the beads with AgNO.,. The restriction enzyme-digested ladder has & size range of 40 u> 64 
bases as a result of the enzyme cutting 3 bp past the end of the final CATT repeat. Samples of 
boih tinmgested'iulMength and digested/reduced -length products are prepared for mass 
spectrometry analysis by reducing the volume by evaporation and adding i pT. of 3- 
hydroxypieolinic acid matrix solution and allowing u> dry on the sample plate. The resulting 
positive-ion mass spectra of the undigested and digested ladders ore shown in FIG. 14 and 
FIG. 15, respectively, 'ihe mass resolution of the peaks for die digested ladder (FIG. 1 5) is much 
greater than that for the undigested ladder (FlO. 14). This is due to the use of Nco I to reduce the 
length of the single-stranded amplified target nucleic acids that were subjected lo mass 
spectromelric analysis. 

Example 7. Muss Spectrometry- Analysis. 

The single-stranded amplified target nucleic acid sample to be analyzed is lypically 
mixed with an equal volume id matrix solution consisting of 0.5 M 3-hydroxypjcolinic acid f> 
HPA) and 50 mM diammomum hydrogen eilraie. Typically, a I M L portion of the sample is 
applied to the mass spectrometer sample stage and allowed to dry under a gentle stream of 
nitrogen gas at room temperature When the sample has completely dried lo form crystals 
(typically 5 ram. - ) the sample is inserted inco the mass specrromcler for analysis. I he usual 
-maiysis conditions employ the use of a Nd:YAG laser operating at 266 nm with an average pulse 
energy of 15 mJ/cnr. An average of 100 laser shoi> is typically used to obtain a spectrum. 

All publications and patent applications mentioned in this specification ate herein 
incorporated by reference lo the same extent as if each individual publication or patent 
application was specifically and individually indicated m he incorporated by reference. 

The invention now being fully described, it will be apparent to one of ordinary skill in the 
art that many changes and modifications can be made ihereto without departing from (he spirit or 
scope of the invention and the appended claims. 
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SEQUENCE MSTTPH i 



1/ GENERAL INFORMATION; 

•'!) APPLICANT: 

(A) NAME : GENE^kACS SYSTEMS . INC. 

fB) STREET; 333 Raven^u-cod Avenue, PN 083 

(C) CITY: Kanlc Park 

(I» STATE: CA 

<E> COUNTKr; US 

(P) POSTAL CCDS (ZIP}: 44025 

(g) telephone : <s:»2) 4iboooo 

IH) TELEFAX: (713) 7*9-257$ 

tii) TITLE OP INVENTION: METHODS OF PREPARING NUCLEIC ACIDS FO* MASS 
SPECTROKETRIC ANALYSIS 

[iiil NUMBER OP SEQUENCES: 2. 

«tv) COMPUTER READABLE FORM: 

(A) MKCIUM TYPE: Floppy disk 

[U: C0M?0TER: X MM PC~ compatible 

fCj OPERATING SYSTEM; PC -DOS/ MS ECtt 

iDJ SOFTWARE: Pat«ntln Reload «2.0, VarsiOtl U.30 ■SPC) 

•VL) PRICK APPLICATION DATA: 

(A) APPLICATION UiStABER i US 03 = 393 
fB> F I I.i TNG DAT23; D2-DFC-19BS 

(Vi! PR TOR AFPbl CATION DATA: 

(A) APPLICATION NTWISEP.: US {,0/C 32 . ,1 
(11} FILING DATE : 02 DRC-1996 

(Vi> PRIOR APPLICATION DATA: 

I'A) APPLICATION NUMBER • US VU/71Z,5Q1 
<U> FILING DATS; IS SEP-1996 



INFORMATION TOR fiFg 10 NO: is 

\i) SEQURNCZ CHARACTERISTICS: 
r ,k) LENGTH: 24 bacc pairs 
(BJ IYPE; r.uclenc acid 
(O STRANDk'DIvESS : Silly 
(E) TOPOLOGY: linear 

(ix) FEATURE: 

(A> NAME/KRY; m^cr_ feature 
\B} LOCATION :1 

(D) OTHER INFORMATION: /note= enu is biotinylated" 

fix) FEATURE; 

<A> NAME /KEY: mociizieti^basft 
(B) LOCATION -.20 

<D> OTHER INFORMATION: /note* " 5 • - tfllO ■ thymidine 
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Ixi) SL'tfUENCE DES CRI?TIOT: SSQ ID HO; 1; 
GTGATTCCCA TTGGCCTGTT CCTC 



24 



(2) INFORMATION FOR SfcQ ID MO: 2: 

<i> SEQUBKCZ CHARACTERISTICS: 
(A) LENGTH: 2-1 baae pairs 
(n> TVP3; aucl«^c acid 
(CJ Strajjdedness ; single 
{Dj TOPOLOGY, linear 

ixi) SEQUENCE DESCRIPTION: SRQ ID KO: 



AOTGCAGGTC ACAGCQAACA CA3A 



21 
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CLAIMS 
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1 . A method of determining the mass of a targaL nucleic acid by mass- symmetric analysis 
comprising: 

5 a) identifying a target nucleic acid, wherein the target nucleic acid comprises a 

region of interest and one or more flanking regions; 

b) rising the length of the target nucleic acid by cleaving at least a portion of one 
or more of said Hanking regions lo produce ?i reduced-length target nucJcic acid; 

c) obtaining a singje-stranded reduced-length target nucleic acid; and 

3 0 d > determining the mass of the single -stranded reduced-length target nucleic add 

u»mg a rna&s spectrometer. 



2. The method of claim [ , further comprising amplifying the target nucleic acid prior to 
T ? reducing the length of the target nucleic acid to produce an amplified target nnclek acid. 



3. The method of claim 2, wherein the reducing step comprises using <t restriction 
endonuc lease capable of cleaving at a cieavable site. 

20 

4. The method of claim 3, wherein the restriction endonuclease is « Type US restriction 
endonuclease. 



25 



5 . The method of claim 3, wherein the restriction endonudease is a Type II restriction 
endonudease. 



30 6, The method of claim 3, wherein the amplifying step comprises using a deavablc primer 
comprising a recognition .site for the restriction endonudease. 



.■>o 



7. The method of claim 2, wherein the amplifying step comprises using a cicavahie primer 
comprising a cJeavabie site. 



8. The method of claim 7, wherein the reducing step comprises treating the amplified largei 
nucleic acids wilh a 5' to 3' exanuclease. 



1 0 9. The method of claim 7, wherein the reducing step comprises cleaving at n chemically 
clcavable site. 



1 0- The method of claim 9, wherein the chemical ly clcavable site comprises a inndoed base. 
1 5 a modified sugar, or a chemically cieavabfc group incorporated into the phosphate backbone. 



1 1 . The method of claim 1 0, wherein the chemically ckavable site comprises a chemically 
clcavable group. 

20 

12. The method of claim 1 1, wherein the chemically clcavable group comprises 
dialkoxysilane, 3HS)-pliosphoroltiioatc t 5 , .(S>phosphorothioatc. 3'.(N)-phosphomamidatc, or 
$'-(N)-phosphon}amidatc. 

25 

13. The method of claim 1 2, wherein the chemically clcavable group comprises 3*-('S)- 
phosphorothioate or 5'-(S)-phosphorothioate. 



3U 



14. 

sugar. 



The method of claim 10, wherein the chemically cleavable site comprises a modified 
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15. The method of claim 14, wherein the modified sugar comprises ribose. 



1 6. The method of claim 2, wherein the amplified targe, nucleic acid further comprises a first 
strand and a second complementary strand and the obtaining step comprises: 

a) attaching the first strand of ihc amplified lar^t nucleic acid to a solid support; 
and 

b) separating (he first strand from the second strand to produce a bound firs, strand 
and an unbound second slnrad, wherein the mass of the unbound second strand is 
determined using a mass spectrometer. 



1 7. The method of claim 1 6, wherein the reducing step comprises usm* a restriction 
endonucicase capable of cleaving at a cicavabJe site. 



i S*. The melhud of claim 1 7. wherein the restriction endonucicase is a Type US restriction 
endoiiuclease. 



i 9. The method of claim 1 7, wherein rhc restriction cndnnucleasc is a Type J [ restriction 
cndonuclease. 



20. The method of claim 1 7, wherein the amplifying step further comprises using a deavuble 
primer comprising a recognition site for die restriction endonuclease. 



21 . The method of claim 1 6, wherein the amplifying step further comprises using a cteavable 
primer comprising a cleavable site. 
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22. The method of claim 21, wherein the reducing seep compile treating the amplified 
target nucleic auids with a 5' lo 3" exonuclcase. 

5 



23. The method of claim 2 1, wherein th, cleavabfc site comprises a chamicaiiy d«v. 



»b!c site. 



10 24. The meihod of claim 23, wherein the chemically cieavablc site comprises a modified 
base, a modified sugar, or a chemically clcavablc gpup incorporated into ihe phosphate 



backbone. 



15 25. The meihod of claim 24, wherein the chemically cieavable site comprises □ chcnkaJlv 
clcavablc group, 



26. The method of claim 25, wherein the chemically deavable group comprises 
20 dialkoxysilane, 3--(S)-pha 3p homthioatc, 5 WS)-pho Sp hor«thioate. 3'-(N>pho S phonK 1 midate. or 
5 '-(N)-pho splioronmi date. 



27. The method of claim 26, wherein Ihe chemically cleavabJe group comprises 3"-(S)- 
25 phosphorothioateory-(S)-phosphorothioaie. 



28. The method of claim 27, wherein the first strand is biotinylated and, wherein the solid 
support contains avidin or streptavidin. 
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29/ The method of claim 28 wherein ths amplified target nucleic acid comprises a mass- 
modified nucleotide. 



30. The method of claim 25. wherein the chemically cleavabJc site comprises a modified 
surar. 



3 1 . The method of claim 30, wherein the modified sugar comprises ribuse. 



32. The method of claim 16, wherein the first strand is bfelinyfcted and, wherein the solid 
support contains avidin or streptavidii:. 



33. The method of claim 1 6. wherein the amplified target nucleic acid comprises a mass- 
modified nucleotide. 



34. The method of claim 1 6, wherein sa id determining step further comprises utilizing 
internal self-calibrants. 



35. The method of claim 2. wherein the amplified target nucleic acid comprises a first strand 
and a second complementary strand and the obtaining step comprises: 

a) attaching the first strand of the amplified target nucleic acid to a solid support; 

b) separating the first strand from the second strand to produce a bound first strand 
and an unbound second strand; 

c) removing the unbound second strand; and 

d) releasing the bound first strand from the solid support to produce a single- 
stranded reduced-length amplified target nucleic acid for mass spectral analysis. 
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30. The method of claim 35, wherein the releasing step compnscs using a enable linker. 



5 37. The method of claim 35. wherein the reducing step comprises using a restriction 
endonucltiase capable of cleaving at a eleavable site. 



38. The method of claim 37, wherein the restriction cadonuclea.se, s a Type US restriction 
10 endonudease. 



39. The method „f claim 37. herein ihc restriction endorse is a Type [| restriction 
eodonuc lease. 



15 



20 



40. The method of claim 37. wherein the amplifying step furth.r comprises using a rieavabk 
primer comprising a recognition site for the restriction endonucfca.se. 



41. The method of claim 35. wherein the amplifying Slc - P further comprises usin™ cieavnbJe 
primer comprising a cieavabic site, 



25 42. The method of daim 41. wherein the reducing step comprises treating the amplified 
target nucleic acids with a 5* to 3' exonudease. 



43. The method of claim 4 1, wherein the deavable she comprises a chemically cleavahle site 

30 
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44. The method of claim 43, wherein the chemically dcavabic site comprises a modified 
base, a modified sugar, or a chemically citable group incorporated into the phosphate 

backbone. 



-5. The method of claim 44, wherein the chemical* clcavable site comprises a chemically 
tleavable group. 



I 0 46. The method of claim 45, wherein the chemically cieavable group comprises 

diallcoxysilanc, 3 -«S>phosphorothioate. S'-CS^aosphorothiomc, J^N^ho^phoroamidate, or 
5 '- ( NT )-ph osp] Ki roam t dmc . 



5 47. The method of claim 46, wherein the chemically clcavabls group comprises 3'-(S)- 
phosphorothioate or 5-(S)*phosphorothioatc. 



48. The method of claim 47, wherein the first strand h biotinylaied and, wherein (he solid 
5 suppon contains avid in or strcptavidin. 



49. Tie method of claim 48, wherein the umplified target nucleic acid comprises a mass- 
modified nucleotide. 



50. The method of claim 44. wherein the chemically cleavable site comprises a modified 
sugar. 



51. The method of claim 50, wherein the modified sugar comprises ribose. 
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52. The method of claim 35, wherein the fir* strand Ls hfotinyla.ed and, wherein m* solid 
support contains avidin or slreptavidin. 



53. The method of claim 35. wherein the amplified target nucleic acid comprises a mas* 
modified nucleotide. 



0 54. The method of claim 35, wherein said deeming step further comprise utilizing 
internal s-lf-calibrants. 



55. A method of preparing n double- stranded target nucleic add lor mass spectrometry 
5 n naly .sis comprising: 

a) amplifying a target nucleic acid to produce an amplified target nucleic acid, 
wherein the amplified target nuclei, acid comprises a first strand and a second 
complementary strand: 

b) attaching the first strand of the amplified target nucleic acid u> a solid support to 
> produce a bound first strand and an unbound second strand; 

c> removing the unbound .second strand from the bound first strand; 
d) releasing the bound first strand from the solid support to form . singlc-stmnded 
amplified target nucleic acid; and 

c) datermining the mass of the single- stranded amplified target nucleic acid using a 
mass spectrometer. 



56. The method of claim 55 ; wherein the releasing step comprises using a cleavable linker. 



57, The method of claim 56, wherein said determining docs not involve sequencing of the 
amplified target nucleic acid. 
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58. The method of claim 55, wherein the releasing step comprises using a restriction 
cndonucleasc capable of cleaving at a cleavable site. 



59. The method of claim 55, wherein the restriction endonuciease is a Type US restriction 
cndomiclease, 



60. The method of claim 59, wherein the restriction endonuciease i.s a Type !I resiriciion 
e:idoimclease. 



61. The method of claim 5S, wherein the amplifying sicp further comprises using a cleavable 
primer comprising a recojmition she for the restriction endonuciease. 



62. The method of claim 55 : wherein the amplifying step further comprises using a cleavable 
primer comprising a cleavable site. 



62. The method of claim 62, wherein the releasing step comprises treating the amplified 
target nucleic acids wild a 5' to 3' cxonucJease. 



64. The method or claim 62, wherein the releasing step comprises cleaving at a chemically 
cleavable site. 
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65. The method of claim (54, wherein the ehemicdfy cleavabie site comprises a modified 
base, a modified sugar, or a chemically clcavaMc group incorporated into the phosphate 
backbone. 



66. The method of claim 65. therein tne chemically cieavable site comprise, a chemically 
cleavable group. 



10 67. The method of claim 66, wherein the chemical ly cleavable M roup comprises 

diaJkoxysilane, S^Shphosphorolhioate, S'-lSj-phosphoroilmule, 3'Wphosphorcamidate, or 
S'-fNj-phosphoroamidate. 



1 5 68. The method of claim 67, wherein the chemically cleavable group comprises T-(S)- 
phosphorothioate or 5'-<S)-phosphorotbioaie. 



69. The method of claim 69, wherein lb, first strand is biotinylaied and. wherein die solid 
20 support contains avidin or streptavidin. 



70. The method of claim 69, wherein the amplified target nucleic acid comprises a rr. as3 - 
modified nucleotide. 



25 



7 i . The method of claim 65, wherein the chemically cleavable site comprises a modified 
sugar. 



30 

72, The method of claim 7 1 , wherein the modified sugar comprises ribose. 
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73. The method of claim 55, wherein the first strnnd is biotinylaied and, wherein the solid 
support contains avidin or streptavidin. 



74. The mclhod of claim 55, therein the amplified targe! nucleic acid comprises a mass- 
modified nucleotide. 



75. The method of claim 55, wherein said determining seep further comprises utilizing 
internal sclf-calibrams. 



76. A kil for preparing a double-stranded target nucleic acid having a first strand and a 
second complementary .strand for mass spectrometry analysis comprising: 

a) a first primer capable of binding the first strand of the target nucleic acid 5 r to a 
region of interest of the target nucleic acid; 

b) a second primer capable of binding the second strand of the target nucleic acid 5' 
to the region of interest of the target nucleic acid; 

c) a DKA polymerase; and 

d) a restriction en domic lease. 



77, The kit of claim 7G f wherein the reslrielion endonncJcase h a Type II restriction 
endoouclease. 



78, The kit of claim 76, wherein the restriction endonuclease is a Type IIS restriction 
enriomicleasc. 



79. The kit of claim 76, wherein the first primer is biotinylated. 
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80. The kit of claim 76, further comprising a solid support capable of selectively binding the 
first strand of the target nucleic acid. 

5 



8 1 . The kit of claim 7G. further comprising a matrix. 



10 82. The kit of claim 81, wherein Ihe matrix comprises ^hydioxypicolinic acid. 



83. A kit for preparing a double-stranded target nucleic acid having a first suand and a 
second complementary strand for mass spcctromelric analysis comprising: 
15 a > & nrst Primer capable of binding (he firsistrand of the target nucleic acid 5' to a 

region of interest of the target micleic acid, wherein said first primer cumprises a cleavable 
primer; 

b) a second primer capable of binding the second strand 5' to ihe region of interest cf 
the target nucleic acid; and 
20 c) a DNA polymerase. 



84, The kit of claim 83, wherein the cleavable prima comprises a chemically cleavable site. 

25 

85. The kit of claim 84, wherein the chemically cleavable site comprises a modified base, a 
modified sugar, or a chemically cleavable group incorporated into the phosphate backbone. 



30 86. The method of claim 85, wherein the chemically cleavable site comprises a chemically 
cleavable group. 
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87. The kit of claim 86. wherein the chemically citable group comprise* dUkoajwito* 3' 
CS^hospaOrockioa.e. 5'^phosphorothioate. j^NVphosphoroamidate, or 5'-(N)- 
phosphoTxjtunjdaic. 



88. The kit of claim 87, wherein Che chemically cleavnble uroup comprises 3'-(S)- 
phosphorothioate or 5'-(S)-phosphoiothioate. 

10 

80. The kit of etaim 83, wherein the deavabb pHmcr comprises an exonucleasc blocking 
moieiv. 



15 90. The ki, of claim 83, wherein the enable prime, comprises a Type IIS region 
endonuclease recognition site. 



91. The kit of claim 83 further comprising a solid support capable of Selectively binding the 
20 first strand of the target nucleic acid. 



92. The kit of claim 9 1, wherein the first strand is biolinytated. 



93 . The kit of claim 83, further comprising a matrix. 



94. The kit of claim 93, wherein the matrix comprises 3-hydroxypicolinic acid. 
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